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OF DECARBURIZED STEEL SURFACES 


Photo above shows ‘Surface’ continuous, pusher-type 
furnace used for carbon “skin recovery” treatment. 
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ONE EXAMPLE 


left: An SAE 4140 forging showing decarbur- 
ized edge after normal heat treatment. 
Right: Same SAE 4140 forging after “Skin 

Recovery” treatment. 





ery’ is a simple controlled-atmosphere 
process based on the principle of car- 


bon pressure balance...applied today 
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Skin rolls, shot blasted in 17 grades of roughness, produce Inland Sheets that are easy to draw. The rol Bom 
above has been ground, then shot blasted on one end to show contrast between ground and shot blasted s 
that revolutionize ee rawin 
t l d deep d g 
Several years before the start of World War Il to improve die performance. This “new surface for 
Inland engineers and metallurgists developed a new severe draw jobs” held the die compound, permitted “ 
type of cold rolled sheet that solved a baffling deep better control of slippage. required less hold-dow: 
drawing problem. The part was a deep drawn pressure, and provided freedom from scoring It 
front fender on which breakage had been running ing in more uniform draw distribution so necessary 
from 30 to 505°. The special sheet produced by and desirable in meeting the intricate drawing re- 
Inland resulted in thousands of these difficult quirements of modern designers and fabricat 
fenders formed with only a average breakage. This is only one of the many produ t imy \ 
This Inland development was a special method ments pioneered by Inland—improvements 
of preparing rolls for the temper mills. Instead of are making better equipment for war and tl \ 
the usual smooth and bright surface, the Inland help produce finer peacetime products. 
sheets were given a new type of surface that per- An Inland specialist awaits your call to f 


mitted radical improvements in steel Iisa about these developments and 
sen 4 
processing. lt also enabled fabri ators , az many applications. 
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in the Manufacture of 


Seamless Gun Tubes 


Lave in the fall of 1941, before the United 
States entered the war, it became apparent to the 
War Department that some new method should 
be developed for producing cannon tube forgings 
imethod which could augment the then exist- 
ing gun forging capacity. 
The conventional method of producing can- 
n tube forgings had been to reduce ingots by 
gging or press forging to the rough outside 
ipe and size of the gun desired, and then bore 
the center. However, the demand for air- 
|, tanks, trucks, and other vehicles, as well as 
. Shell, armor plate, and the increasing naval 
gram was using nearly all of the available 
sing capacity in the country, and in addition 
mortgaged the future production of heating 
lorging equipment for some time to come. 
‘ss some method could be devised wherein 
facilities could be used to produce gun 
sings, there was little possibility of meeting 
inplated production schedules. Centrif- 
ling was developed to the point where it 
a part of the load, but all existing 
il casting installations were already 
lo capacity, and it would take a con- 
mount of time to build more and get 
production, to say nothing of finding 
t could produce the heavy and special- 
ment needed for them. 
tution of the problem was to find a 
d for producing gun forgings quickly 
would not require additional forging 


It was at this time that the Cannon 





Metallurgical Problems  ° 


By Joel C. Carpenter 
Captain, Ordnance Dept 
U.S. Army 
Cleveland 





Section of the Artillery 
Branch, Office of the Chiet 
Ordnance, decided to | 
experiment with seamless 
steel tubing for gun tubes 

One of the foremost 
alloy steel and seamless 
tubing producers in the 


United States was asked to 


undertake this develop 
mental problem. The first 
seamless steel tubes pro 


duced were for the 37-mm 
gun, and were made from 
A celle L185 and M35 steel 
They were pierced onacon 


ventional piercing mill, cut 





to length, and the breech 
end upset. These rolled and upset tubes wert 
then heat treated at Watertown Arsenal and sent 
to Watervliet Finished 


gun tubes were proof 


Arsenal for machining. 
tested at Erie Proving 
Ground, with results comparable to guns made 
by existing and more conventional methods, 
With this experience as a background, and 
as an indication of the possibilities of the process, 
further work was undertaken, and a number ol 
tO-mm. and 75-mm. gun tubes were made ol 
seamless tubing Proof tests continued to indi 
cate comparable results with guns made by the 
regular forging process. 
The results of this development work were 
sufficiently favorable to warrant the Ordnance 


This 


meant that large quantities of gun tube forgings 


Dept. to plan for large scale production 
could be produced without the necessity for extra 
bloom heating and forging capacity It meant 
that all of the hot reduction, together with the 
necessary heating, could be done with conven 
tional steel mill furnaces and the rolling and 
piercing mills, which could be scheduled for addi 
tional capacity although already operating at a 
high rate. 

While it was accepted practice to melt gun 
steel in electric furnaces, melting capacity was 
very critical at that time; it was therefore decided 


that openhearth steel could be used, provided 


proper care was | iken in the melting and pourin 
practices. Many of the problems encountered in 
the program were undoubtedly accentuated by 
the fact that, generally speaking, the cleanliness 


July. 19145: Page 67 





a o Ag a A a 


he I te 


w 


Fig. 1 — Rolled 8-In. Rounds Are Cut to 7-Ft. Lengths, Reheated in Inclined 


Hearth Furnace, and Pushed Endwise onto Transfer Table, Enroute to Pierc- 
ing Mill. All photos courtesy Steel and Tube Div., Timken Roller Bearing Co. 


of openhearth steel does not equal that of electric 
furnace steel. 

Early in 1942 the War Dept. bought and 
equipped a plant expressly for the production of 
seamless gun tubes. This plant was operated by 
a contractor, with an Army Ordnance officer in 
residence as the War Dept. representative. Dur- 
ing the approximately two years which this plant 
operated, the following quantities of gun tube 
forgings were produced: 

More than 40,000 40-mm. gun tubes. 

More than 35,000 75-mm. gun tubes. 

Small quantities of other medium caliber gun 
tubes, such as 57-mm., 76-mm., and 105-mm. 


Description of Process 


Several American plants producing alloy 
steel tubes furnished the pierced tubing. The 
steel was melted and cast in big-end-up molds 
with hot tops. Ingots were rolled into blooms, 
and then into round billets; after slow cooling, 
the billets were reheated and pierced into heavy 
walled tubes in conventional piercing mills. After 
a sizing pass the tubes were slow cooled, marked 
and shipped to the gun plant where they were 
cold sawed to length. 

Next, one end was heated to forging tem- 
perature in specially designed Tocco high fre- 
quency heating units, and a heavier breech upset 
by a large forging machine or upsetter of conven- 
tional design. 

The rough formed gun tubes were then hung 


on an overhead conveyer by means of a ba 


and conveyed through 


This 


welded to one end, 


normalizing furnace. treatment was f 


lowed by a trip through a second furnace wher 
they were heated to quenching temperature. Th 
quench was in water for a controlled time and 
temperature, including a forced quench y 


through the bore of the tube. 

Following the quench, the tubes were cor 
veyed, still in a vertical position, through a ten 
pering furnace. After cooling, the tubes we 
pickled, straightened, and test disks sawed [1 
both ends, thus bringing the tubes close to w 
ing length. 

The tubes were rolled 
through a stress-relief furnace, operating appr 
mately 100° F. below the tempering temperatur 


then 


After cooling they were inspected for suriac 


(outside and inside), eccentricity and _ straight 
ness, and were then stamped and shipped to U 
plants where they were to be machined. 
Machining of the seamless gun tub 
arsenais and con! 


done at various 


plants, approximately as follows: 


was 


Rough bore. 
Center, and rough turn O.D. 
Finish bore and hone I.D. to size 
Inspect I.D. 
Machine O.D. 
Rifle 1.D. by broaching. 
Inspect I.D. rifling. 
. Finish machine outside of gun tt 
9. Final inspection. 
Metallurgical factors which influ: 
quality of finished gun tubes are: 
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Metallurgical Factors 


The effect of chemistry the 
of the steel. 

Quality of the steel as affected by 
the iting, deoxidation and pouring. 


Quality of the steel as affected by 


upon 


qual! 


the heating, rolling and slow cooling. 

Quality (eccentricity, surface, struc- 
ture) of the heavy walled tubes as affected 
by the piercing process. 


Quality of the gun tubes as affected 
by upsetting, heat treating, straightening 
and stress relief. 


These factors will now be discussed sepa- 
rately. 
Chemistry — The Ordnance Dept. requires 


that war matériel must meet certain specified 
physical requirements, and it is the responsibility 
of the contractor to see that these are met. There- 
fore, the chemistry of the gun tubes was not 
specified. The original development work showed 
that good results could be expected from the 
118.1. 4300 steels, holding the carbon between 
(30 and 0.40%. Average chemistry ranges were 
035 to 0.40% C, 0.75 to 1.00% Mn, 0.05% max. S, 
(04% max. P, 0.25 to 0.30% Si, 0.75 to 1.00% Cr, 
1.75 to 2.00% Ni, 0.25 to 0.40% Mo. 

This is a somewhat lower alloy steel than 
usual gun steels, but little difficulty was experi- 
enced in the physical requirements, 
except when the nickel was dropped to between 
1.10 and 1.25%. 


Hardenability 


meeting 


To assure that the required 
physical properties could reasonably be expected 
lo be met, it was the practice to test the harden- 
ability of each heat of steel. 

Jominy hardenability tests were taken from 
the first part and the last part of each heat as 
cast, or from the rolled or forged product repre- 
senting the extreme bottom of ingots from the 
lirst and last portions of heats. These test pieces 
should hardness values at the following 
distances from the quenched end: 

When the quenched end Rockwells C-55 or 
higher, a minimum value of C-50 
obtained at 24/16 in. from the quenched end, and 
C48 min. 32/16 in. from the quenched end. 
Should the quenched end be under C-55 Rockwell, 
the hardness at 24/16 and 32/16 in. from the 
quenched end may be reduced a like number of 


show 


should be 


points, but in no instance shall the quenched 
end hardness be under C-50 Rockwell. 

if the predicted hardenability as determined 
‘rom a cast sample, taken at the time the heat 
‘as poured, was below the standard specified, 
sever illets from that heat were rolled and 
pler« nd then piloted through the gun plant. 
If sat tory physical results were obtained, the 
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Fig. 2— Piercing the Round Takes 15 Seec., 
Thus Providing a Rough Blank That Formerly 
Required 6 Hr. to Forge and Drill. Pierced round 


is immediately re-rolled for greater accuracy 


balance of the heat would then be processed from 
the blooms. Otherwise the heat would be diverted 
to other uses. 

Steel-Making Practice— One of the 
mount factors in producing seamless gun tubes 


para- 


of high quality is the steel-making practice. It 
vitally affects the workability, especially in the 
piercing process, since ingots with bad centers 
not only result in piercing tears but may also 
cause large eccentricity. Steel-making practice 
also has a pronounced effect upon the physical 
properties, as a dirty steel will definitely have a 
low reduction of area in a transverse direction, 
and a high value of this property is one of the 
sought in gun _ tube 


important characteristics 


steels. Perhaps the greatest influence of steel- 
making practice is upon bore defects, which do 
not become apparent until most of the work has 
been performed on the tube and it is nearly com- 
pletely machined. Whatever improvements are 
made in the steel-making process to better the 
cleanliness of the steel represent machine-hours, 
man-hours, and a great deal of money saved, 
because gun tubes rejected for bore defects repre- 
sent a great waste all around. By far the greatest 
number of bore defects encountered in this pro- 


gram appeared to be caused by small non-metallic 
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inclusions and stringers visible through the bore- 
scope in the lands and grooves of the rifling. 
There were also other types of bore defects, 
such as those caused by bad machining, and 
some small quench cracks, but these constituted 
only a minority and the remedies were rather 
Bore 
inclusions presented the greatest problem. 


simple. defects caused by non-metallic 

Good openhearth melting practice is essen- 
tial to attain the required cleanliness. Fast heats 
generally do not make good gun steel, and the 
best heats were seldom under 12 hr. in the open- 
hearth. It was found that the best deoxidation 
practice was to use a combination of calcium 
silicide and aluminum in the ladle, thrown in 
while the furnace was tapping. It is said that 
this type of deoxidation results in spherical deoxi- 
dation products instead of longitudinal inclusions. 

Heats in which the carbon was blocked on 
the way down were found to be superior to those 
which had to be excessively “coaled” in the ladle. 
Heats should also be tapped hot enough to stay 
in the ladle long enough so most of the non- 
metallics can rise from the bath to the slag, and 


metal still be hot enough to teem properly. 


hig. 3 Pierced Tubes Are Reheated on One End 
by High Llectricity 


Breech, Thus Saving Much Machining of Rough 


Frequency and Upset for 


Forgings Down to Barrel Diameter. (Timken 


Good ladle practice is essential 
and stopper must be carefully set to id 
and running stoppers. Ingots poured h 
ning stopper should be diverted t het 
critical uses. The nozzle size should |} ch tJ 
when teeming, the rate of rise in | 
optimum to produce quality ingots. 

All molds must be big-end-up, with good 


tops. As to cross section, 21-in. dodecag 
molds seemed to give excellent resulls, alth 
good results were also obtained with mold 


arge as 26 by 26 in. Molds must be as cleg 


possible, and should be coated. It was found 
cold molds seemed to yield poorer results 
properly warmed molds. In several heats 

dition was encountered in which macro- 
from billets (and also from the rough gun 

indicated that certain ingots had been p 
with wet hot tops. These billets and tubes 

rejected, and suspicion was cast on the e 
metal in all of these heats, finally causing t! 
to be declared unfit for gun tubes. 

The National Defense Research Comn 
of the Office of Scientific Research and Dey 
War 
number of projects to study the effect of var 
Most of 


work along this line was done at Carnegie | 


ment, Metallurgy Division, 


Sponsor 
factors upon gun tube quality. 


tute of Technology.) 


One factor which good steel-makers | 


suspected for some time and these studies | 
proven them to be right is that the cleanlir 
of ingots is appreciably improved if back pou 


is prohibited. (Back pouring is the practic 


filling one mold to just above the bottom ol 
hot top, then filling the next mold to the s 
level, then returning to the previous mold | 
the hot top.) The common excuse for back | 
ing is that it seals the space between thi 

and hot top so the steel will not drain oul 

hot top. 
the time the mold is filled until the h 


filled is sufficient to allow non-metallics 


In practice, the time which elapses | 


. ‘ } 
from the depths to the surface, and when I 


top is filled, or back poured the new streal 


steel drives these non-metallics back dow! 
the ingot, where some of them becom: 
For these reasons back poured ingots conta 
excessive amount of non-metallic us 
which eventually cause excessive re} 
gun tubes for bore defects. 

After the molds have been filled, t! SI 
stand undisturbed until solidification ts 
Failure to observe this precaution usua 


This nd 


may cause bad piercing (and possilly ! 


in weak centers in the ingots. 
defects as well). 
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ve to rapid tem- 








changes and 

r flake inter- 
subjected to too 
thermal shock. 

s should remain 

the molds until they 
, the soaking 


. should be cooled 


nily to receive SS 
ifter charging the ay 
iture should grad- / 


; 

be raised to soaking 
iture. 

Croppage at the 

ig mill shears 

d be sufficient to 


Unload Convevers. 
up any trace ofl 


I 
rhe bottom dis- 
usually is from 5‘ 
is much as 10°, while the lop crop is not 
ss than 17 
Rolling Mill Practice Direct conversion of 
bloom into round billets was found to vield 
rior results to double conversion. 
In double conversion, the bloom is slowly 
burial pits for about six days. When 
enough to work on, the surface of the bloom 
ed (conditioned) by chipping or searfing. 
ire then slowly reheated to rolling tem- 
ind rolled into round billets. The billets 
st be slowly cooled for six or seven days 
vent flaking. 
Single conversion consists of rolling the 


directly into billets, with no intermediate 


cooling and reheating. (The surface of the 
tS conditioned before piercing, in either 
| operation.) Single conversion, in addi- 
iterially shortening the time from ingot 

" ilso lessens the likelihood of flaking, 
Is e slow cooling and reheating cycle is 


» for the 75-mm. gun tube were 8 in. 
r, Weighing approximately 1400 Ib. 
was three billets per ingot, 


Fig. 4 — Production Line for 6000 75-Mm. 
Tubes a Month. Each W eighing 1400 Lb., 
Veeds Special Equipment to Load and 
Each tube has a bail 


welded to carry through the heat treatments 


Billets for the 40-nium 


gun tubes were 6 in. in 


diameter, and weighed 
. approximately 600 Ib 


The yield was usually 
seven billets per ingot 
Segregation At this 
point one of the most 
interesting metallurgical 
phenomena encountered 


in the entire program 





should be mentioned 


Metallurgists for years 





4 have believed that the 
soundest and cleanest 
steel in killed steel ingots 
cast in big-end-up molds 
with hot tops was al o1 
below the middle of the 


” _ 
ry ingot. The lop third of 
‘ the ingot was considered 
ee to be the dirtiest and 


highest in segregation, 
even with the best hot 
lop practice 

Early in the seam 
less gun tube program, a 
great many tubes wer 
being rejected afte 
having been completely 
or nearly completely 
machined; it even began 
lo appear as though the process might have to be 
abandoned. 

However, intensive studies were made to 
determine the reasons for these excessive rejec 
tions, and it was found that approximately 70 
were in tubes processed from the bollom third 
of the ingots! This was true in heat after heat, 
on both the 75-mm. tubes, where only three tubes 
per ingot were obtained, and in the smatllet 
10-mm. tubes, where six or seven tubes per ingot 
were obtained. 

Inspection records were then studied to find 
the related position of each tube to its original 
position in the ingot. Complete work sheets were 
compiled for each heat to show graphically the 
location of all tubes rejected at the gun plant, 
Requests were made to all machining sources 
that all reports should identify the nature of th 
rejection and its location in the gun tube with 
reference to the breech or muzzle. The results 
were tabulated and it was found that the zone ol 
maximum non-metallic inclusions, which was the 
main cause for rejection, was definitely «nthe 
bottom third of the ingot. The graph, Fig. 6, on 


the next page, illustrates this 
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As a further step all macro-etch disks from 
both ends of each gun tube were studied carefully 
and records made of their appearance. These 
records were correlated with inspection results, 
and standards of acceptance set up which allowed 
no rough tubes to be shipped for machining 
whose macro-etch disks did not meet the agreed- 
upon appearances. This substantially cut down 
the rejections during machining. 

The steel producers had all become quite 
interested in the results, and cooperated in work- 
ing out a correlation between the macro-etch of 
the gun tubes and the macro-etch of the round 
billets. The ultimate result was that by diverting 
the bottom third of ingots to other products, and 
using the top two-thirds for gun tubes, the rejec- 
tions at the gun plant and at the machining 
than 12% to 


sources decreased from less 


than 2%. 


more 


Fig. 5— A 75-Mm. Fires Its First Shot — 
Out the Breech End! Being quenched in 
water, a stream is forced into the bore, and 
steam and water blow out the top. (Timken) 
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The National Defense Researc| 
became engaged in this phase of th 
program, and work has now been 
which has contributed greatly to th 
of what happens when an ingot solidi 

Piercing 


MmMittee 
duction 
! pleted 


OWledge 


A seamless tube whi 
used for a gun tube is one in whi 
I.D.-to-O.D. is much smaller than for 
seamless tube. 


€ average 
The greatest proble: 
tered in the piercing mill when prod 
thick walled tubing is eccentricity, or ‘ run 


encoun- 


Fig. 6— Frequency Curves Showing Percentage of Ti 
Metallurgical Rejections Versus Position of Gun 7 
Ingot. Analysis is of 12843 40-mm. tubes from {5} 


he 
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Position in Inoot 


The piercing mandrel is of necessity small rege 
diameter, and tends to whip or run off center produ 


even when extra guides are in place. Uniform 


heating of the round billets is also necessary | 
control eccentricity. 

Seamless tubes were accepted for processing 
into gun tubes under the following conditions 


1. The straightness is within the lim- 

its of the drawing. 
2. The pierced hole is no larger than 

the drawing size. 
3. No seams or other surface defects 

are present on O.D. or LD. 
4. The eccentricity or runout does not 
exceed 0.200 in.; this insures that the tube 
will clean up in machinirg. 
5. No piercing tears are permitt 
Auxiliary Operations —A few lubes have 
been overheated or “burned” by the high te 


1475 
quency induction heaters used to heat the breech MM prom 
end prior to upsetting. This can be eliminated ntac 
by proper control of the time cycle. 

When a bail is welded to one end for han 
ing the gun tube on the conveyer line for trans 
portation through the heat 


occasionally cracks occur. 


treating furnac 
Such rej 

avoided by reasonable care on the | 
welders. (Continued on 
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Effects of Pressure 
and ‘Temperature on 


Iron Powder Compacts 


Vas FACTURE of small parts from metallic 
owders has now become a recognized method of 
fabrication Where mass production can offset the 
high initial cost of equipment and dies. During 
the last few years, such dense metal compacts 
have offered real competition to the slower, skill- 
requiring machining and grinding methods of 
producing small parts of accurate, and often 
atricate, profile. An interesting example, where 
the sintered iron compact has replaced the cast 
ind machined part, is the oil pump gear used in 

jutomobile industry, shown in Fig. 1. 

Briefly stated, the procedure consists of 
pressing a measured quantity of iron powder in 
idie under pressures up to 50 or 60 
ns per sq.in. The green compact 
thus formed has a highly polished 

and surface 
iardness, but lacks the strength nec- 


surface considerable 
essary for use as a finished piece, so 
‘is fired in a furnace with a neutral 
' reducing atmosphere at tempera- 
‘ures ranging from 800 to 1450° C. 
1475 to 2650° F.). This temperature 
promotes sintering of the particles at 
nlacting areas and results in a com- 
pact of greater strength, density, and 
‘oughness. Accompanying the increase 
n density there is necessarily a reduc- 
‘ion in volume. Although tolerances 


t . ° ° 

'U.001 in./in. ean be maintained on 
linished pieces, some experimental 
‘ork must usually be done before a 
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Fig. 1 
Has Been Removed to Show Assembly; Spare Gears or Im- 
pellers Shown Outside Are Made of Iron Powder. (Lenel) 


By Charles O. Heath, Jr. 
Instructor 
and Joseph D. Stetkewicz 
Associate Professor 
Dept. of Mechanical Engineering 
Rutgers University 
New Brunswick, N. J. 


proper die can be constructed, 
as correct allowance must be 
made for shrinkage during 
sintering. 
Many 


factors affect 


shrinkage (and thus the 
change in density of com- 
pacts while sintering). The 


type of iron powder used is 
important, because different 
processes of manufacturing 
the powder result in differ- 
ences as to particle shape, 
porosity, surface profile, and 
particle size. Even more 
important than these is the distribution of par- 
ticle obtained 
size of the particles ranges from a few microns 
to —100 mesh. 
fine, medium and coarse powders will affect the 


size; best results are where the 


Any change in the proportion of 


final dimensions of the compact, an increase in 
the proportion of coarse resulting in greater 
density of compact or less shrinkage after sinter- 
ing, this effect being greater axially than radially 
to the direction of compression. 

Besides variation in the powders themselves, 
the three important 
density are the pressure used in pressing the 


most variables affecting 
compact, the temperature of sintering, and the 


Oil Pump for {utomobile; Cover of Cast Iron Case 
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length of time the compact is held at sintering 
temperature. The final density and dimensions 
will depend upon the particular combination of 
these three variables. Consistent production to 
close dimension therefore requires very accurate 
control of temperature, of time in the sintering 
furnace, and of furnace atmosphere, as well as 
the production of identical compacts in the 
presses. 

Of the variables just mentioned, pressure is 
the most important when moderate sintering tem- 
peratures and times are used. F. C. Kelly has 
shown, in an article on “Powder Metallurgy” in 
Canadian Metals and Metallurgical Industries for 
December 1941, that all compacts approach or 
reach the theoretical density of pure iron (7.86 
g./cu.cm.), if held at a temperature of 1450° C. 
(2650° F.) German 


investigators had previously found that loosely 


for a long enough time. 
packed iron powder with an apparent density of 
3.0 would attain a density of over 7.0 when sin- 
tered at 1400° C. (2550° F.) for 24 hr. 

Of course, a high final density is not the 
only criterion when close tolerances must be 
The large shrinkage on sintering 
in 


maintained. 
compacts formed with low 
uneven dimensional changes and frequent warp- 


pressure results 


ing. Then, too, production furnaces cannot be 
operated profitably at temperatures above 1100° 
C. (2000° F.), and sintering times of 32 to 64 hr. 


cannot be considered in mass production. Thus, 


hig. 2— Relation of Sintering Tempera 
sity of Iron Powder Cylinders. Compact: 
Pressures. All samples sintered in hydro, 
higher compacting pressures lead 
control of final dimensions and hig! 
when sintering temperatures and tir 
kept at a minimum. 

In our experiments on the sin! 


we used a commercial iron powder: 





reducing iron oxide powder in hyd: 
plied by the Metals Refining Co. of H 
Ind. 


are: 


Its chemical analysis and screen an 


Chemical Analysis 
97.0 
0.5 


Iron 
Total 
Insoluble 0.5% 1 
Phosphorus 0.03% 1 
Sulphur 0.02 nar 
Hydrogen loss 1.50 


carbon 


Screen Analysis s 
40 mesh 
On 100 mesh 0.3 
Coarse: On 200 mesh 3 
Medium: On 325 mesh 
Fine: Through 325 mesh 25 


On 


Because of its simplicity of shape and |! a 
ease of obtaining dimensional measurements ' 
Although it is ty 


dime 


cylindrical compact was used. 
the 
change on sintering is greater than the 
the latter in 
shrinkage since it can be measured with 


generally known that axial nsiol Sonal 
rad 
change, was used determining : 
ort ‘ 
accuracy. The compacts formed were app | 


mately ‘2 in. diameter and from to in. long 

The same weight of powder was used for | here 

sample and the compacting pressures varied | 

10 to 1o0 tons per sq.in. Pressing was d oh 

a 200,000-lb. testing machine, the load being y 

applied at such a rate that a pressure of 90) ( 

per sq.in. was reached in about 15 sec \ 
The green compacts thus formed were »s 1D 

tered for an hour at temperatures ranging |! Is 

600 up to 1450° C, (1100 to 2650° F his 

done with a hydrogen atmosphere in sing 

tube, Sentry electric combustion furna 

Globar heating elements. th 


Twelve samples, each pressed al a 





pressure, were stacked in three rows of four § the 


on a strip of asbestos ribbon. Each samp! 





separated from the others by asbestos }aj 
The s| 


were carefully positioned in the tube 





prevent their sticking together. 





tube placed into the furnace so that all 





mens lay within the constant temperature se S 
of the furnace, 3 in. long. 
A rubber stopper, protected on the () 
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Rockwell F-Scale Hardness } s. Tem- 
re of Sintering for the Samples of Fig. 2 
| containing a %-in. quartz tube, 
n the open end of the tube. Hydro- 
| from a tank through a pressure 
to the combustion tube and burned 
d from the small quartz tube al 


the id. A 2-in. flame was maintained 
cl sumed hydrogen at the rate of 
90 cu.ft./hr. 


2 shows the effect of temperature 
The first decrease in density from 
compact due to the 
loss” that is, the sample actu- 
weight in the hot hydrogen atmos- 
reduction of oxides in the powder. 
imately 875° C. (1600° F.) there is 
the density-temperature curve, the 


f the green iS 


iD 


ct spreading over the a—y transformation 
Similar results were reported by Libsch, 
ind Wullf in Chapter 35 of the i) book 
ler Metallurgy’, and are attributed to a 
cht expansion of entrapped gases during the 
nic rearrangement accompanying the iron’s 
sformation. Our investigations show that 
s characteristic change in density occurs for 
mpacting pressures. As the sintering tem- 
ilure is increased, the density again increases 
lt is not until 1100° to 1200° C. (2000 to 
00" F.) is reached that the density again equals 
value attained at 875° C. 
\bove 1200° C. the density increases rapidly, 
(2450° 


greater increase in density is found 


VI\ 


h even greater changes above 1350° C. 
rhe 
compacting pressures were used. How- 
greater the compacting pressure the 
the actual final density for any one sinter- 
4 temperature up to 1000° C, (1825° F.). Very 


sh compacting pressures, combined with rela- 


\ high sintering temperatures, burst the 
ipact, as evidenced by a decided bulge in its 
is. In severe cases the sides of the compact 

cracked horizontally at right angles to the 
‘ throughout the entire length. Although 
ition is inherent in the green compact due 
the relative motion of powder in the center 
‘at the edge (that which tends to cold weld 
the side of the die), the actual rupture is prob- 


due to the violent escape of entrapped gases. 
The 
it 100 tons per sq.in. showed no bulging 
ered at 1450° C. (2650° F.). The sam- 
pressed at 125 tons per sq.in. began to show 
at 1200° C. (2200° F.), while the 
per sq.in. samples affected at 

‘ 2000° F.). 


on density can be seen in Fig. 2. 


lil ion 
were 
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rhe hardness curves, Fig. 3, are related to 


those for density. The high initial hardness of 
the green compacts of course results from the 
work-hardening during pressing. The 
hardness is always similar to the relative density 


relative 


for compacts given the same sintering treatment. 

It should be emphasized that hardness is not 
a reliable means of comparing compacts which 
have variables other than those existing in these 
different 
combined 


com 


Iron compacts of 


experiments, 


position, especially those containing 


carbon, may have the same density with widely 
varying values of hardness. 

Where dimensional changes are concerned, 
Fig. 4 that the 
shrinkage upon sintering, follows 


Here 
1560 to 


shows reduction in diameter, or 


very closely 
again the 
1650 a are 


2200° KF 


the change in density. values 


obtained at 850 to 900° ¢ 
nearly the same as those at 1200° C 
and the shrinkage is generally less at the higher 
pressures, 


characteristic is 


interesting apparent 


One 
Where minimum dimensional 


60 tons per sq.in. give better results on this iron 


from these curves. 
changes must be maintained, pressures of 
powder than pressures from 70 to 100. Figure 4 
also shows that if shrinkage is to be kept at a 


minimum, high sintering temperatures must be 


avoided. 
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% Reduction in Diameter 





1450 °C (2640% ) 


- 400.2550 F) 


1350 | 
(2460 F). 


3 . ! 
1300. \ 
(23570 F )}, * 
2 | 


1200°C 
(2190°F )> 





900°C (1650%F) 
5 * 
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Fig. 4 — Reduction in Dia 


/ During 
Sintering as Related to Con 


ing Pres. 
sures and Temperatures Sinterin 


for | hy 


{ll samples sintered in hyd; 
investigations to the act 
tion of compressed a: 
parts, it appears that | 
procedures should be fol! 
The first would be used fy, 
parts where final dimensions ay 
the maintenance of close tolerance: 
are of primary importance. Thy 
green compacts should be sintered 
at 950 to 1000° C. (1750 to 1895 


produ 
Sinters 1 
fener i} 


wed: 





600% 11112) 5 
+ Pressures Used in the Test 


— 





800 C1470 ), 950°C: (1740 F}, JO00C. 


F.). The required strength of th 
part would determine the compact 
ing pressure required. However 


(18350%) pressures greater than 50 tons 





sq.in. were needed for the required 





60 80 100 120 


Pressure, Tons / Sg. /n 


Summary 


It is clear that pressure is the more impor- 
tant variable at temperatures below 1400° C. 
(2550° F.). The variations due to changes in 
pressure are of greater magnitude and are more 
consistent than those due to temperature. 

It is apparent that where density, hardness, 
and strength are desired, and moderate tempera- 
tures must be used, there is no advantage in 
sintering above 900° C. (1650° F.). In fact, there 
is a definite reduction in these properties at 
higher temperatures, and this is true for all pres- 
sures tested. If higher density and strength are 
desired, the compacts must either be sintered at 
temperatures above 1100° C. (2000° F.) — which 
is too high for the common electric furnaces 
heated with nickel-chromium resistors — or some 
different method of processing must be used, such 
as the hot-press or a re-press after sintering. 

When dimensional change or shrinkage is of 
major importance, however, there is a decided 
advantage in sintering at 950 to 1000° C. (1750 
to 1825° F.). Variations in pressure would then 
have little effect on the 
dimensional changes. In addition, 
perature variations either higher or lower would 
in the same direction, thus 


cross-sectional 
tem- 


or no 


small 


influence shrinkage 
leading to greater control of final dimensions and 
the maintenance of closer tolerances. 

When high hardness is desired, the lower 
sintering temperatures give the better values, 
especially for pressures above 40 tons per sq.in. 

In applying the results of this and similar 


/40 160 


strength, excessive wear of the dies LM 
would result and other methods \ 
fabrication should Hous 
The length of time of sintering § for a 
mach 


be considered 

would require careful investigatio: 
in order to determine the proper heating cyck 155-n 
This time would possibly be from 10 to 60 min Finis 
In setting up a production schedule, it would seen 
best to maintain the heating cycle constant and 
to vary the compacting pressure as necessary | 


wher 


ind 


take care of other variations such as irregularities 
in the powder supply, wear of the dies, and so on 

A different procedure should be used wher 
highest density and strength are essential a 
tolerances are of secondary importance. Con- 
pacting pressures should then be as high as \s 
economically possible, considering the wear 
the dies. If an electric furnace with the common 
nickel-chromium heating element is to be used 
the compacts should be sintered at 850 to 900° | 
(1560 to 1650° F.) for as long as possible. Her 
again the optimum time must be determined 
Better results could be obtained with a speci: 
furnace capable of heating above 1200° C 
F.). With a continuous furnace the 
could be fed into a preheating zone kept al, 52) 
850° C. (1550° F.); from this they would go to th 
high temperature zone at, say, 1200 or 1250° | 
This would have to be followed by a cooling 
in which the compacts were cooled to 150° | 
before they could be removed. 

A simple test specimen such as us¢ 
work is valuable for production control, 
variations in it due to changes in operating 
ditions or raw materials may be expect 
duce similar changes in the more intric 
being actually manufactured. 


Forg 
yy 


treat 


calib 


ompacts 


in this 
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Critical Points 






By the Editor 







tmost like the hectic days after Pearl Harbor 
A to be in Hughes’ Aircraft Strut Plant near 
Houston, Texas, now converting from a factory 
for aircraft landing gear to a huge forge and 
machine shop to make a million shells a month, 
55-mm. high explosive and 105-mm. chemical. 








Finishing departments for 155’s, forged else- 
where, are in full operation; others are betwixt 
md between. The shells are so heavy that they 
travel endwise, everywhere, in trough-like con- 
veyers, Waist high. In this particular plant a 
battery of tools — enough for a single operation 









is completely surrounded by a conveyer and 
the shells go ’round and ’round until slid off into 
ne of the machines. Lathe tools are used in 
such quantity they are delivered from the tool 







m in trucks! Roughing tools are especially 
husky, for 30 Ib. of steel is hogged off a shell in 
-: min. Each special lathe has six cutters for 
‘ide profile and two for end cut-offs; each tool is 







2x2x9-in. carbon steel bar with a carbide nib 





brazed on. Brazing is very 










Forging and easily done by sliding the 
treating large assembly under a simple loop 
caliber shells of copper tubing carrying cool- 
ing water inside and high 
‘requency electrical current outside... .. Nosing 

tt 






he rough finished shell is a critical operation. 





eae : . 
the correct distance is heated along the sides 
‘rom the open end by inserting the shell into a 






port-like opening of a ring forming the moving 
uler wall of a circular furnace; the correct tem- 
perature is had by pyrometric control and timing 





‘or the complete circuit; the nosing die is warmed 
, 

it the start by a gas burner, then kept from over- 
heati _ . 
“ating by water cooled passages. The nature of 


Ne die lubricant is critical in obtaining the 
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proper nosing action. . Shell hardening 
is done in open flame furnaces; eight par- 
allel lines of shells are carried through, 
end to end, on traveling conveyers. The 
hot shells strike the oil nose-first and drop 
into a submerged pot that sprays their 
sides vigorously. A jet also strikes the 
open end and drives oil up inside, but a 
spray pipe entering inside of the 105-mm. 
chemical shell is necessary to get the 
required fast quench. A draw, in a fur- 
nace with recirculating atmosphere (ordi 
nary air, not prepared) delivers shells with 
a very light scale, ready for shot blasting 
inside and finish machining outside. Hard- 
ness averages 255 Brinell. Some idea of 
the amount of equipment may be had by the 
fact that six furnace lines (heat, quench, 
draw) are necessary to handle the 1005’s 
alone..... Observed that in shell produc- 
tion it appears to take almost as much labor to 
inspect the piece in process and at the end, 
including final re-check by Government inspec- 
tors, as it does to make the thing. Consequently 
a “Sheffield Multicheck” gage that measures 
diameters at eight positions simultaneously, and 
in a fraction of a second, is a time saver. There 
is, of course, nothing new 


Eight-position about the idea of automatic 
automatic gage gaging; this equipment, 


indeed, was notable more for 
its compactness — furthermore, a girl can roll, 
nonchalantly, an 85-lb. chunk of steel into it and 
out again without affecting its adjustment. The 
shell stops in a cradle, eight pairs of fingers 
quickly close into contact, eight signal lights 
flash; if all Nash white, a master light signals and 
the shel! is on its way. 


N THE INTERVAL between world wars, men at 
| Watertown Arsenal perfected the method (vig- 
orously sponsored by Gen. T. C. Dickson, then 
commandant) of casting gun barrels, rather than 
using heavy forge equipment, as in the conven- 
tional methods. At the outbreak of this war it 
became apparent that there was not enough forg- 
ing and pressing equipment in the country to 
make the necessary artillery along with all the 
other ordnance and munitions for Army, Navy 
and Air Forces so a plant of about Water- 
town’s capacity was hurriedly built on the flat 
lands near Houston, Texas one of those con 
struction marvels wherein production started less 
than a year after the cows were shooed off and 
foundations built..... The principal difference in 
manufacturing practice over that described by 
General Dickson in his paper in 1930 Transac- 








lions of the American Society for Steel Treating there being a central hole remaini » | 


is that the tubes are not strengthened by auto- than your thumb. This need for king 
frettage (there being no chance to get the neces- average for such varying casting sil 

sary hydraulic equipment in those early hectic the cause of many compromises pra : 
days). The necessary physical properties are throughout the entire manufacture the ¢ 

given by the following heat treatments: The cast- For the larger guns it takes about 5 

ing is slowly cooled in ashes (2 days), then the hot metal and about 25 min. for ji 5 ; 
homogenized at 2200° F. for 16 hr., air cooled, The hot solid casting is then forced oy . 
and after rough machining, is quenched and tem- mold by a ram set in line with its S al d 
pered (water cooled after each heating). Exact rear of the machine. If about 15 min. is al| 

heat treatment schedules vary with the size ot for unloading the mold, minor clean up, fixing . 
tube and chemical analysis of the steel; very good end plates and pouring box, the furnace seryin 
transverse properties can be achieved and the cast that machine must by 

barrels are rated equal to forged barrels by Army Induction furnace to melt its charge in F 
artillerists..... Test disks cut from both breech a combination than an hour Melting 

and muzzle ends, after smoothing and pickling, melter and ladle stock is 4-ft. lengths 


show well defined and large pri- scrapped gun castings 


Centrifugal mary crystals, ranged radially. 2-in. square bars of nice clean 1020 stee| 
casting of These are less prominent after “scrap” in the ordinary sense. The indu 
gun tubes the homogenizing treatment, but furnace is a pure melter, and for gun m 
are easily found again after requires a compact charge of excellent s 

quenching and tempering. Evidently the undif- Some slag scours from the furnace lining. Af hy 
fused constituents that are responsible for this the alloy additions, the melt is killed with 
macrostructure have no harmful effect on the ferrosilicon. Temperature and fluidity m 
properties of a gun tube in use. More serious are high fluidity especially, else the 
circular bands or abrupt changes in structure, from the casting box will freeze up. T! 
band to band, as developed by the deep etch test. tion furnaces are very handy in many ways 
Exact causes of these aberrations in the normal are quick melters, and the heat can lx 
disposition of the liquid steel are as yet unknown; cooled or brought back to heat if there is 
if they are undilfused by the long homogenizing delay at the casting machine; likewise the fu 
treatment and happen to be located near the grips may be picked up bodily and acts as a p Tasles 
in a test specimen they may throw the fracture ladle. Disadvantages are that quality no over 
outside the gage points a cause for rejection, stock is required, and that some slag gets mani 
as it indicates non-uniform steel. ....The casting the pouring box because the furnace ts 
shop has a row of ten casting machines, each lip-pouring ladle. 
with its individual Ajax induction furnace for 
melting the steel. Castings for the largest tube : iy HaLeruorp, south of Baltimer 
made at the Dickson Gun Plant the long Uncle Sam has built a plant for castiny ‘ 
90-mm. anti-aireraft or Pershing tank gun are aluminum and magnesium billets and exti 
18 ft. long and weigh about 5000 Ib. The tapered them into tubes and other useful shapes 
casting is made in an even more pronouncedly operated by Revere Copper & Brass, whic! 
conical mold, since extra cold metal is required also converted part of the capacity of tts 
to chill the extra steel at the breech end. These more mills from sheet copper and brass | \ 
conical molds, of ordinary mold iron and of life largely used by the now dormant building 
about equal to a good ingot mold, are fitted into try) into the wartime manufacture of magnes 
a Steel casing that, in turn, is rotated about its sheet and aluminum tubing. (Mayhap tl 
axis by roller nests in massive housings at either ence America is gettin : 
end. Open ends of the mold are closed by refrac- Casting of nesium may well be 
tory lined plates, except tor :-in. central hole. magnesium in another emergen 
Molten steel enters from a preheated pouring billets magnesium could act S 
basin, out of the bottom of which leads a °xs-in. tegic alternate for al |) 
round sprue that butts against the central hole in since magnesium chlorides and carb . 
the plate closing the breech end. Rotation, at present in infinite quantity whereas ¢ 
about 1200 r.p.m., is a balance between the needs ore for aluminum is comparatively 
of the metal at the bigger breech end, at the Indeed, magnesium at present is alm 
smaller muzzle end, and at the axis of the casting in being available for civilian consump 

which by the way is almost entirely filled, out restrictions other than imposed by 
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ee Casting of magnesium 





especially interesting to see. The 
ted and alloyed in a row of stationary 


s 


imped over into holding pots (also in 


s) to separate it from the flux and 


temperature. Pumps are rotary, air 
nsfer pipes must be hot end to end, 
tal will freeze at the very start. From 
n s it is next pumped in a small stream 
units quite similar to those used for 
bs of aluminum alloy described in 
oints” of January, 1944 


« box is covered and the molten mag- 


except that 


m is protected by an SO, atmosphere; each 
X serves as a header to feed a group of 
like molds, so several long billets are cast 


ously on a slowly descending platform. 


justment of metal’s temperature, cast- 


ite, temperature and quantity of cooling 
is necessary, not only to control segregation 
he alloy but also to prevent disastrous splits. 
best the surface is rough; the billets are deeply 


on lathes or milling machines before 


I 
ding .A battery of extrusion presses of 
s capacities are so well protected by safety 
es, and their movements reproduced in dials 
ilers showing pressures and travel, that 

st all the old-time rule-of-thumb has been 
d from the operation, once the correct 
schedule for either alumi- 
num or 


lubes extruded magnesium has 


over tapered been set up. Aluminum 


mandrel extruded tubing, ready for 
draw benches, is notable for 
In the Halethorp 


short billets with a bored axial hole are 


llent internal surface. 


ded over a tapered mandrel, a beautifully 

: shed piece of toolsteel, 12 to 14 in. long, and 
p {| 0.10 in. smaller at one end than at the 
\s the ram advances the mandrel also 

s slowly forward, presenting constantly a 

surtace at the neck between die and mandrel. 

¥ particles of metal picked up by the mandrel 
herefore moved forward where they will not 

h the surface being formed. Of course, the 
d tube is slightly thicker in wall at one 

at the other, but this is ironed out in 

rst draw in the series necessary to bring it 


specified dimensions and physicals. 


1) ED al 


activity 


Trinler, Inc., in Chattanooga, 
than ever I did see concen- 
one small building no larger than a 
irage, all concerned with machining 
is (grousers) for the Army’s high speed 


s gun carriages, two every minute. Bee- 


name for it! 


Manganese-molybdenum 


steel castings, 0.40 carbon, are delivered from 
various foundries, previously annealed to about 
230 Brinell for 


dimensions are close enough so parallel surfaces 


Rough casting 


machinability. 
for linkage are broached, first a roughing, then a 
finishing pass. Finished tolerances are held to 


0.002 in. also drilled 


Connecting-pin holes are 
undersize and broached to accurate 


.The item of metallurgical interest 


slightly 

diameter 
here is the flame hardening equipment Two 
Ix4-in. wearing pads on each piece must be 
hardened in. deep to Brinell 477 min. Harden 
ing is done after ends of the linkage lugs are 
broached to dimension, so the grousers nest 
together naturally on a short piece of track placed 
across a long table that oscillates sidewise about 
3% in. Held stationary above the front edge of 
this table are two standard 
Airco 1-in. 


Flame hardening oxy-acelylene 


grouser lugs heating heads, one foi 
each lug on the grouse! 
underneath. The 
moved back and forth under it; the heat is so 


flame is steady, the lug ts 


adjusted that the proper area and depth of metal 
is heated to above the critical temperature in 
exactly one minute The operator watches the 
second-hand on a nearby clock, and as it crosses 
60 he pushes the next lug into place 
falling off 


Torches are watet 


merely 
along the track, the heated grouse! 
the end into a water quench 
cooled, and their overilow is enough to prevent 
the quenching water from getting too warm, 
L. J. Leacu, superintendent, says that this equip 
ment is much more simple than his eartlies 
treads progres 


machine for hardening grouset 


sively; in this the flame inched along the tread, 
and was followed immediately by a quenching 
spray a “Rube Goldberg” mechanism turned 
the flame and quench water on and off at prope 
times as the castings were carried along on a 


convevel Experience with the older machine 


also indicated that the hardened zone was con 
siderably deeper at the trailing end of the lug in 
any continuous passage of the flame. This might 
have been avoided by a flame control that would 


deliver the most heat at the beginning, tapering 


back toward the end and shut-off, but all this 
complication is avoided in the new device by 
heating the whole area of the pad before quench 
ing. Furthermore, the flames now burn con 
tinuously and the blowpipe tips according to 


LEACH have far longer life than ones with 


on-and-olf flames Treads are hardened betore 
near-by holes are drilled and broached; if hard 
ened after finish machining the hole is likely to 
warpage of the 


Aas 
~w 


so undersize, not so much by 


metal as from a film of charred cutting oil 
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Bearing Races 


Improved by 


Isothermal Treatment 


Unaste to obtain sufficient ball bearings for 
its production of automatic pilots, generators, 
starters and other aircraft accessories (Fig. 1), 
Jack & Heintz, Inc. was authorized by the Army 
Air Forces and War Production Board in 1944 
to establish a new plant exclusively devoted to 
ball bearing manufacture. Manufacture of such 
parts of highest precision has been largely con- 
fined to a specialized industry employing highly 
skilled craftsmen and metallurgists; consequently 
it is of interest to see how this company 
approached and solved that important phase of 
production resting in the heat treating depart- 
ment. Moreover, outstanding results have been 
obtained in both quality and quantity of work, 
associated with generous economic advantages 
as outlined in an accompanying cost analysis 
(Table I, page 85). Altogether the performance 
reflects yet another accomplishment of the iso- 
thermal heat treatment. 

While the new factory plans were being 
drawn and current industrial practices for hard- 
ening S.A.E. 52100 steel bearings were being 
investigated, urgent need compelled immediate 
production and bearings were hardened in our 
existing heat treating equipment. Bearings 
ranged through seven sizes from the smallest 
(with an inner race of 0.375 in. i.d., 0.508 in. o.d. 
and thickness 0.280 in.) to the largest outer race 
of 2.665 in. i.d., 2.835 in. o.d. and 0.470 in. thick. 
This originally-used process, not at variance with 


By J. Paul | ringer 
Chief Metal! :rgis, 
Jack & Heintz, Ing 

Bedford, Ohi: 


methods currently employe 
by most old-line bear, 
manufacturers, consisted 


a conventional quench 
Characteristic 
with distorti D 


and 
temper. 
culties 
required piece-by-piece hap. 
dling and die-press quench. 
ing of the larger sized bearing 
races, yet resulted in an ayer. 
age 0.003-in. out-of-round op 
2.835-in. 


other excessive dimensiong 


rings, as well qs 


changes in smaller rings 
(See Table Il, page & 

Such deficiencies, plus others 

of at least equal if not greater 

importance such as degre: 
and variance of hardness 

became major objectives t 

be overcome with new methods and equipment 
One of the most important factors to be « 
sidered in new hardening equipment is its al 

This 5210 


chromium 


ity to prevent any decarburization. 
steel, with 1.00% 
readily decarburizes; actual trials with modem 
atmosphere furnaces failed to produce test sp 


carbon and 1.5‘ 


mens which would meet specifications for sur! 
carbon. Distortion had to be held to an absolul 
minimum, and a scale-free surface was a further 
insistent factor, since our plans required a pre 
finish on bearings to closer tolerances than cur 
rently practiced by a majority of bearing 
producers. A further consideration was the lim: 
tation of available floor space for heat treating 
facilities. 


Specimen Treatments 


Thorough inquiries about methods and equ 
ment were made, and sample pieces were hart 
ened by various equipment manufacturers 
Reported successes in salt bath austempering 
S.A.E. 4140 fuses, W.D. 1075 pistol parts, ané 
ordnance material made of other steels, direc! 
our attention to the isothermal heat treating pr 
ess. Fundamentally, as is doubtless well know! 
isothermal treatment involves the heating of s" 
to cause its constituents to go into uniform § 
solution (austenizing), then quenching «! a © 
ing rate selected from “TTT” or “S” ¢ for 


ves i“ 
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Fig. 1- 


particular grade of steel into a liquid bath at 
i correct elevated temperature until transforma- 
n of the austenite is substantially complete.* 






rhis heat treatment is known as “austempering”, 





though the complete process is often referred 





as a “three-step process”, since the structure 





nd physical properties, primarily controlled by 





the temperature and time in the isothermal 
juench, may be further modified by a subsequent 






irawing operation. 
In consultations with metallurgists of Ajax 






ectric Co., and upon their treatment of speci- 





mens and investigations of proper time-tempera- 





‘ure eycles, we concluded that some variety of 





thermal process could meet all the require- 
In the conventional harden- 





ated above. 





ig methods, the quench into oil produced 





1 and left residual stresses which were 





eliminated by the stress relief operation that 





mplete survey of this field of heat treat- 






ment mtained in the article by A. P. Seasholtz, 
; Metal Progress for October 1944, entitled “ ‘Inter- 
ipted ienching in Salt Baths”. 








Generators, Starters and Automatic Pilots, and the Various Sizes 





of Bearing Races Used in the Equipment. Largest rings are 2.835 in. o.d. 





followed. A high temperature salt bath provides 
about the same cooling rate as warm oil, and is 
known to reduce distortion and to increase the 
ductility of the steel so treated. 

A study of the time-temperature-transforma- 
tion curve for an S.A.E. 52100-B steel indicated 
that a “martempering” treatment in molten salt, 
rather than an austempering, would produce the 
required physical properties. Martempering is a 
method of interrupted quenching for obtaining a 
structure of martensite with a minimum of resid- 
ual hardening strains. The process (illustrated 
in Fig. 2 which shows the cooling curve in rela- 
tion to a TTT curve for S.A.E. 52100 steel) essen- 
tially consists of quenching the work from an 
austenizing bath to a uniform temperature just 
above where martensite begins to form, holding 
it there long enough for the temperature to 
equalize, center to surface, and then, prior to the 
beginning of transformation, removing the part 
from the quench bath and cooling it to room tem- 
perature. The object of the first quench is to 
equalize the temperature within the piece; for 
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Fig. 2-— In the Martempering Process the Cooling Curves a oe ee | 
for Surface and Center of Quenched Piece Must Be Steep Austenitizing Tegnperature 
Enough and the Equalization Period at E Short Enough - Transformati 
to Miss the Curve Marked “Transformation Begins 
this, the bath must be isothermal that is, RY 
held at a chosen temperature without appreci- /200 wegen eee +4 
able change up or down. Likewise it must be Ounf SS sa tate 
: } Ll; OY 3 
capable of a high rate of cooling in order to hed RY 
quench the steel fast enough to get past the 000 + SSQ 
“nose” of the curve near N, without allowing DAY 7 
° » N#oO"f . 7 aw Ml 
any pearlite to form. SS CUPVES 3 En 
The time that the piece being quenched — \: RAI 
remains in this isothermal martempering bath as 800 |—— ROS RAEN 
must not be long enough to pass beyond the S Austenite With RQ 
ete oO Tt me € = vg pa ye ( € > Und/ssolved } ; 
line marked “Transformation Begins”. The iS Carbides > RW Qy 
cooling power of the bath should be ample to S 600 |\—++- FH4#W RSQ 
stabilize the temperature between the inside |S } } , 
and the outside of the heavy sections being Oe ep ee EO SQ YA 
quenched before any transformation begins. 400 |—/+—- Ms | &} | 
The piece, with a uniform temperature 
; :, ee “Temperature of Martensitic 
throughout, is then removed from this bath Isothermal Quenching Bath : Range 
and allowed to cool in still air. Now, as the Surface > Center 
piece cools, martensite forms but, as the cool- 200 |}—— pa Be x 
ing rate in air is slow, there is only a slight Air Cooling Curves 
difference in temperature between the outside mm eR ge 
ace ' , a Room Temperatur M 
and inside of the piece. Thus the transforma- O GO p 4 d £22, ~ 
tion takes place at a slow rate uniformly Q5 1 2 5 10 |Minm 100 tH 
through the cross-section, and minimum inter- Time, Seconds 
nal strains, if any, remain. 
Test bearings were austenized at 1580° F. in o 64. Races were practically free from distortion 
Pest | lat 1580° I to O64. R practically free | list 
a liquid salt bath, quenched in hot salt at 500° F., without resorting to die press quenching. Free- 
and air cooled, whereupon a hardness of C-65 to dom from residual stresses in specimen races 
66 was uniformly obtained. The quenched strue- thus treated was ascertained with a test fre 
ture had the fine fracture grain desired in bear- quently used by bearing manufacturers, consis! 
ing steel. Stress relief at 350° F., also in a salt ing of cutting through the ring section with 
bath, modified the hardness to the desired C-63 slotting-cutter. If residual stresses are pres 
K- Dry (in Hood) H hes 
| 
| 
| 
, 9 
| a a a 2. OY ae pw eee", i” ae ons 
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Fig. 3——- Sketch of the Furnace Line-l 


Sequence. Transfer mechanism E may be adjusted for either one of two routing 


lengths, a or b, to alter equipment from martempering to austempering process cycles 
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p. Showing Flow Direction and Conveying 


») 








will “spring” apart in excess of the 
The 


- | these dimensions is readily meas- 


ness of the tool’s cutting edge. 


cepted as an index of residual stress. 
Wi onducted in the experimental depart- 
ix Electric Co. led to specimen trealt- 
ces varying in diameters from 3.4 to 
showed upon cutting that all except 
8 bearing remained unchanged in the 
of the cut, with out-of-roundness less 


7 0.001 in. The 8%-in. ring, with a relatively 
bin section of 0.250 in., sprung 0.008 in. when 
ened: but, checked against available records of 
bearing manufacturer, this 0.008-in. distortion 


is less than the normal 0.015 in. after conven- 
nal oil quench and temper. 





trodes which earry a total connected load of 234 
kw. Neutral salt is used in the preheat and high 


heat (austenizing) furnaces, with a low tempera 
ture drawing salt in the isothermal quench bath 
and drawing furnace. 
Following the draw, fixtures of work are 
conveyed into the wash tank and followed directly 
by rinsing; work is dried by rising heat as the 
the 
finally reaching the loading end where racks are 
the 1600 


bearings per hour, 2.836 in. 


fixtures return over battery of furnaces, 


removed and fixtures reloaded. Over 


com 
flool 


space for the complete set-up is about one-third 


o.d., can be 


pletely processed in this equipment, vet 


of that required for any other method investi 


gated occupying only 384xlox15 ft. including 





4s 





ne hath 


{ 


Floor Space Requ irements 


\ceordingly, the completely conveyorized salt 
hs shown in Fig. 3 and 4 were installed for 
iinuous operation through preheat, hardening, 
thermal quenching, drawing, wash-rinse and 
ving. Bearing races are now stacked in a pile, 


d hung on simple fixtures made of heat resist- 


¢ WI Ten fixtures, each loaded with 22 of 


|.378-in. bearings, can be racked on one hori- 
i cross bar which is part of the conveying 
ch Fig. 5). The 
itulomatically carried through the following 
Preheat al 


nism loaded fixtures are 


r) 


es of heat treating operations: 


 . for 3% min.; high heat at 1580° F. for 
min.; isothermal quenching to 500° F. for 


ir cool; drawing at 350° F. for 74 min. 


operations are performed in_ liquid 


ths heated by closely spaced immersed elec- 


g. 1 Completely Conveyorized Salt Bath Furnaces at Jack & Heintz for Isothermal Hardening of Mechan- 
cal Bearings. Transit from left to right. Fixtures, loaded with bearing races, are transferred automatically from 


to the next. and returned on a track in the hood. overhead. to be unloaded at the loading station 


the electric control equipment but exclusive ol 
the 


fume permits the furnaces to be near 


CACECSSIVEG 
the 


cision grinders employed in operations both prio 


ventilating system. Absence ol 


pre 
and subsequent to heat treating thus establish 
ing a flow of parts entailing the least possible 
handling in process. 
mechanism 
the 
the 
grammatically in Fig. 3. 


The conveying automatically 
the 


transfers and moves fixtures through 


successive stages of process as shown 


Horizontal racks, hold 


ing the work-laden fixtures, rest on two moving 


convevor chains A which are driven (at a rate ol 
speed adjustable from 1.5 to 4.5 in. per min 
over the top of the furnaces, Chain A returns 


beneath the furnaces.) When the racks of fixtures 


approach entry or exit of any operations, transfer 


mechanisms B, C, D, E, F and G are actuated by 


limit switches and either lower or raise the 
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Fig. 5 — Bearings Are Strung ona Hooked Wire, Which 
in Turn Is Hung Froma Cross Bar on the Mechanism 
for Conveying Them Through the Heat Treatment Baths 








fixture as required. These transfer stations, each 
individually driven by speed reducers, consist of 
two matched chains spaced to engage the racks 
at their extreme ends, and are designed so that 
transfer time from bath to bath is very rapid. 
One exception is transfer point E, which pauses 
for the necessary air cool between the quench 
and draw baths. Return chains H, powered by 
the main drive which also runs conveyer A, pick 
up the racks after the rinse operation and convey 
the work back overhead to the starting end of 
the unit, where a single operator loads and 
unloads the fixtures. 

All movements are always coordinated and 
are electrically as well as mechanically inter- 
locked to assure perfect sequence and duration 


of each step throughout the cycle. This convey- 





orized handling assures complete processing of bide- 
each piece. It is physically impossible for any i is 
errors to occur that formerly were attributed to - 
manual effort — such as failure to draw a batch sd 
of quenched races. With the loading and unload- * 
ing stationed at the same end of the unit, manual whes 
operations are greatly simplified and confined to quen 
a small area, thus adding to the compactness of three 
the installation. ture 


Labor Requirements 


The previously used method required three 
men on the furnaces, two girls for racking and 
unracking, and four operators in the inspection 


disclosed in regular checks. The micrographs 
of Fig. 6 illustrate typical results consistent) 
obtained. This inherent feature of salt baths | 
fully protect the work from oxidation and decar- 
burization is perhaps one of the strongest points 


department for 100% hardness testing. It is now in favor of liquid bath treatments. It certainly du 
possible to handle approximately 325% greater appears logical to control the atmosphere effects . 


production (up to 425 lb. of bearings per hr.) 
with only two men and two girls, one of whom is 
able to check the hardness since it is only neces- 
sary to Rockwell one piece from the top and one 
from the bottom of each rack. The bearings 
consistently register C-63 to 63%. 

Rejections with the old method were about 
10 to 15%, and frequently a second drawing 
operation was necessary to obtain the specified 
hardness. 
equipment there has not been a single bearing 


In six months of operating the new 


which failed to meet specifications due to process are soluble in water, they can be 3 

improper heat treating. removed from the work in the wash-rinse tank sp 
Contrasted with the slightly scaled and dis- where even minute areas such as small holes 

colored surface resulting from the former proc- recesses caused by converging radii on sma S 


essing (which entailed either sandblasting or 
pickling before grinding), the bearings now show 
no signs of scaling and have a very uniform black 


finish. No evidence of decarburization has been 


by simply immersing the work where it is sealed 
from contact with air. 

It is also of interest how one seeming dis 
advantage namely, that of salt drag-out —\s 
utilized to a degree not short of being uniqu 
While it is unavoidable that work withdrawn 
from a bath must carry some adhering liquid 
salt on its surfaces, it is nevertheless this ver 
thin molten film which protects the surface mets 
during its brief exposure to air prior to entry int 
Since all salts used in the 


the next furnace. 


ii] 
ead 


pieces, as shown in Fig. 7, are cleansed 
difficulty. 
before releasing them to the shop | fina 


It is only necessary to oil the pars 


grinding. 
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In the machining of this bearing steel, car- 
bide-tipped tools are used, and only 0.005 to 0.010 
in. is left for regrinding after heat treating. The 
martensitic structure obtained by isothermal 
treatment, with a fine A.S.T.M. No. 11 grain size, 
has improved grinding conditions to a degree 
where wheels need be dressed only half as fre- 
quently, and two passes now grind as much as 


three passes on the previously obtained struc- 





Fig.6— Transverse Section of 52100 
Bearing, Edge and Center, Iso- 
¢ thermally Hardened. Magnified 
Lo 1000 dia., etched with 2% nital 


"Se ¥ 


, 
" 


v 
*e 


i 
i’ 


sudden and irregular increase 
in volume the 
tensite formation point, and 


below mar- 
by uniform heating in the 
initial austenizing bath, mini- 
mum physical distortion 
occurs in dimension. 
Further, of the 
rate of temperature change 
through the 
the transformations 


any 
regulation 
work controls 
without 
incurring excessive quench- 
ing stresses which result in 
cracking. 
Operating temperatures are extremely uni- 
held within 5° F. of the control point, 
throughout all the baths in this line-up because 
the molten salt is circulated vigorously by the 


form, 


“motor effect” of the closely spaced electrodes. 
+3° F.) 
the control setting in the quench, for a mixer is 


Temperatures are held even closer to 


incorporated into this unit; temperature build-up 
is prevented by a blower which is automatically 

















ture. Furthermore, the 
ground finish is supe- . ; . . 1, — 
Gini ~ Table I— Comparison of Costs for Two Methods of Heat Treating 2.8-In. 
: nor to former Hnishes. Bearing Races of S.A.E. 52100 Steel 
( One of the most 
' notewort hy improve- — PREVIOUS QUENCH PRESENT ISOTHERMAL 
I ments over quench and AND TEMPER METHOD Heat TREATMENT* 
iS ty eri a ic i > ’ . a : ~ 
’ mpering is in the Net weight of bearings processed | 144 lb. per hr. 425 lb. per hr. 
. eduction of distortion Rejections due to improper heat 
shown in Table II. It treatment 10% None 
had been necessary, as Output corrected 130 lb. per hr. 425 lb. per hr. 
reviously stated, to $0.65 _ « . $5.29 
. : Operating costt — $0.005 per Ib, | °°-=" = $0.0124 per lb.1 
quench the larger bear- 130 120 
S ngs one at a time in a | 3men @ 1.20 2 men 
a _—— . . , 9) sir 7 5 4 gir 
ress. This practice has Heat treating labor 2 girls D 1.05 1% girls 
) “a ; Pim a $5.70 . 2° $3.98 . ‘ 
been entirely eliminated. (730 $0.0438 per Ib. TT $0.0093 per Ib. 
} , - ' ‘ aw 
Races measured before = : ' 
) al 4 Testers 1.05 % girl 
nd alter heat treatment Rockwell testing; labor 24.90 80.0323 $0.53 
— $0.032: *r lb. at $0.0012 per 
not incur more than 130 per lb 198 .0012 per Ib. 
U.O005 or 0.001 in vari- ) = . > . os 
. ° i Ts p al gr S3.of . ar . 
| joel Operation prior to fin il gI ind $3 D ) 80.0269 per Ib. Meme 
tions on the 1.2597 and (sandblasting or pickling) 130 
-.5046 -in re; j os : : $6.9: : - 
; ; be 7 rl " dD Ss Die press quenching ~ 3 $0.0533 per lb. None 
respectively. This slight 130 
Stortion on rings hung Total cost per pound $0.1613 per Ib. $0.0229 per Ib. 
Ssely on fixtures and Total cost per race $0.0417 per race 0.0059 per race 
fated en masse is ; i ' 
“ae ttributable ¢ *Preheating, austenizing, quenching and drawing. 
red attributable 
+} weaned +Does not include maintenance cost; however in the six months of operation, 
thermal tech- maintenance has been negligible. 


By avoiding the 


tIncludes power for 


heating and conveyor, salt losses, wash-rinse water. 
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S.A.E. 4340 and S.A.E. 4130 sti 
also hardened with the same equip 
treatment is in accordance with time 
cycles planned with the aid of S-cu 

& ae receive another variation of isothern 

- ing in fact are austempered by | 

first described in 1930 by E. S. Day 

E. C. Bain of U. S. Steel Corp. The c 

Kig. 7— Small Parts of 52100 Steel (Pilot Bearings and — of a typical piece, surface and cente: 
Pivots) Are Martempered by the Tray-Load. Full size _ jn relation to the TTT curve for this s 





operated from a potentiometer con- 
trol instrument, thus cooling the 
outside surface of the steel pot and 


° ° . ° . | | | | 1] (c rhide Start 
readily dissipating the heat carried ‘Aes, a To GAP OWE Starts 


over by the incoming hot steel. 


Austenite 





{daptability of Lquipment ( — Center|” 

ferrite 
Smaller pilot bearings and piv- Starts to form 
Ts os ar j P . ‘ > 5 *) ) . . = a nD —_ - 

ols, Fig. 7, also of S.A.E. 5210 1000 | / | | Transformation Begins 





steel, receive the same processing 
as the larger bearings with the Surface —7 
same uniformity of results. How- . 
ever, a different type of fixture is 800 —h 
used in which two perforated metal Quenching 

LUVES 

™ , ; a8 so. Ld hake 
250 preces, are tiered one above 800 Temperature of 
another and rigged to a supporting Isothermal Quench 





trays, each holding approximately 


frame that hooks on the horizontal 
conveying bar. The uniformity of 
the process permits testing of only = Mortensitic KOnNge 
1*. of all parts processed to assure 
Rockwell C-638 to 6315. These piv- 
ols, which undergo six machining 
operations prior to heat treatment, 


» . ‘ y WPr nen pp 
are of interest since they contain ? LINNPCTHLME 





small drilled holes and surface 





recesses; nevertheless, each piece is QS IO 1mm I00 IH 

uniformly heated and is washed Time, Seconds 

clean of adhering salt in the final Fig. 8— Cooling Curves of Surface and Center of Typical P 
step of the processing. S.A.E. 4310 Steel, Austempered by Holding in Bath Long br 


for Complete Transformation fustenite to Bainite) to 0 


Table II Distortion of S.A.E. 52100 Bearing Races by 
Two Methods of Heat Treatment 8. Formation of a true ma 
structure is avoided 





, AVERAGE D TR MEN 
O.D. or Ovren Races | AVERAGE Distortion Arren Heat TREATMENT 


BEFORI 
HEAT TREATMENT 


quenched product. I 
QUENCH AND TEMPER ISOTHERMAI observed that work is in 
METHOD MeTrHop quenched from the austen 


0.8750 in. 0.0010 in. (0.0005 in. perature into an isothern 
1.2597 0.0010 0.0005 
1.3780 0.0010 0.0005 where martensite forms 
1.5747 0.0010* 0.0005 steel. The length of stay 
1.6535 0.0015* 0.0010 
2.8346 0.0030* 0.0010 


maintained considerably a 


quenching bath is_ suff 








only to equalize temp 





*Die press quenched between outside and insid 
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so to permit the steel to transform 
he resulting structure is known as 
may then be cooled to room tem- 
thout incurring any further micro- 
hanges. On the work processed in 
r no noticeable quench cracks were 
distortional effects are negligible. 
ms in temperature-time cycles for 
treatment of the S.A.E. 4340 or 4130 

vell as other steels with similar critical 

ites, are quickly attained for processing 

ie equipment by a simple alteration in 

ontrol point settings on the pyrometer con- 
lers and by a few adjustments to the conveyer 
ve mechanisms and transfer stations. ‘Trans- 
mechanism E, Fig. 3, which removes fixtures 
m the isothermal quench bath and routes them 
the draw bath, is especially designed so it can 
usted for either the martempering treat- 

or the austempering. It can be adjusted 
m the longer routing a (allowing for a 2-min. 


Bits and 


Pieces 


\ Non-Destructive Method for Detecting 
White Layer On Nitrided Steel 


|) PFICULTIES encountered in removing the 
“white layer” from nitrided gears led us on 
search for an easy method to determine when 
had entirely removed it during grinding or 
Its removal is necessary for performance 
y stressed gears, otherwise it will cause 
{ the surface and possible gear failure 
service. To be certain that this white 
hich is about 0.001 to 0.0015 in. thick, is 
dimensional inspection before and after 
r lapping was required, but this is difli- 
may be misleading in such places as the 

ear teeth. 


quench and subsequent air cool prior to draw, 
when martempering S.A.E. 52100) to the shorter 
routing 6 (a 28-min. quench with fast transfer 
to the draw furnace when austempering S.A.E. 
1340 and 4130). 

With such wide adaptability of the new 
equipment in handling a variety of parts made of 
different steel analyses, plus the relative sim- 
plicity of obtaining desired physicals uniformly 
in mass production, Jack & Heintz production 
men viewed the heat treating department’s facil 
ities as another technological accomplishment in 
the application of one of metallurgy’s newest! 
heat treating tools. An extraordinary number of 
advantages have been disclosed: Elimination ol 
decarburization, work with practically no distor 
tion, small space for the equipment, reduced per 
sonnel, least handling in process, no rejects, uni 
form hardness of product, absence of scale, a fine 
grain structure, better finish, and improved grind 


ing operations. S 


“Bits and Pieces” 


metallurgists and metallographers, and they are 


is a department for practicing 


invited lo send in short notes about practices 


in S bool, of 


vour choice is offered for publishable items. 


that have been found desirable. 


The following etching solution has 
therefore been developed and been found 
to indicate very successfully those areas 
where white layer is present 
250 cc. HO (distilled water) 
109g. (NH,).S.O, (persulphate) 
lg. of “naccanol” (wetting agent) 
10 drops of a saturated solution of NaCNS 
(sodium thiocyanate) 
The method of applying it is as follows 
Clean the surface thoroughly with any 
suilable degreasing solvent such as_ tri-chloro 
ethylene. When dry, apply the etching solution 
with a brush. The areas of white layer are not 
attacked by the etchant, and the areas which have 


except 


no white layer are colored a uniform black. 
are no special instructions necessary 
we recommend that it be applied with a brush 
or cotton swab. 

\ word of caution might be inserted here for 
the interpretation of results. If the white laye 
areas have been stressed enough to break up the 
continuity of the layer, it will etch dark, due to 
the fact that the etchant penetrates through the 
tiny checks in the white layer and gives the 
impression that the whole area is etched black 
This has been found to be true of shot blasted o1 
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tumbled surfaces, as well as the surfaces of ge, 
teeth that have been in service where the oo 
tinuity of the brittle white layer has been broke 
Frequent microscopic examinations should be 
made to check the accuracy of the method 
the ability of the operator to use it. 

As soon as the part has been inspected ; 
reagent should be wiped off with absorbent , 
ton, washed, and dried. This is to prevent 


CARBON 
Ground 
not given 


31, pages 401 


Humber- 
Smooth 
machined 


subsequent corrosion. The reagent can he appl 
to any finished part without injury. Gear te 
which have been discolored may be used with 
brushing off or otherwise removing the disco] 

tion. (GEORGE WeErIss and M. S. Bure, Mets 

gical Dept., Dodge Chicago Plant) 


Sartorius 
Powell Co., Cincinnati. 


“Stainless Iron and Steel”, 19 


Temper Colors on Stainless Steels 


TEMPER COLOR 


I rHIS SECTION of the January issue I remar| 
on my inability to find any information 
temper color vs. temperature relation for sta 


Polished 


given 
1, Monypenny, 


Monypenny (d) 


less steels, and suggested that those having sue 


“CUTLERY 


STAINLESS” 


not 


1. Sartorius, National Lock Washer Co., Newark, N. 


data send it in for the general good. 
Apparently this question has been of 
interest, because several answers have be 


9) 


$0) 


A.LS.I. Types of Stainless Steel 


(f) Frank Humberger, Wm. 


received, giving results of tests. Two publications 
on the subject were pointed out by contributors 
one of these, by McAbAmM and GEIL (see the f 
note to the table) being very comprehensive 
gives time-temperature relations for film thi 


DN 
s 
=) 
— 
= 
So) 


446 
-) For DEVELOPMENT OF 


- 
+ 


polished, clean 
(° 


Metallographically 


ness —a measure of the color on a wide vari- 
ety of common, tool, and stainless steels. 
The tabulation summarizes the several « 


410 


McAdam & Geil (c) 


Stand- 


tributions and includes data for 1-hr. colors 
from McApam and Geit. I have exercised m 
judgment in interpreting the various terms us 


TEMPERATURE 


Polished, 


Dobkin (b) 


in describing colors, and as a_ base-line ha\ 
included the colors for carbon toolsteel from 
colored chart published by Bethlehem Stee! | 
It will be noted that there are some defini! 
disagreements; these may be due to the mani 
in which the tests were conducted by the vari 
individuals, or to their or my different names l0! 


| 
| 


+} 


National Bureau of 


Polished, oiled 
60 


Metallurgicus 


Temper Colors Vs. Temperature for V 


the colors. 

Thanks indeed to all who answered 
request; a future generation will, I trust, 
have to turn to “The Book of Stainless Steels 
get this information (Editor THum™ please no! 

METALLURGICUS 


Journal of Research, 


Electropol- 
23, July 1939 (RP 1221). 


(MopIFIED) 
ished, clean 


Zmeskal (a) 


Storage Jars for Bits and Pieces 


McAdam & Geil, 


ards, Ve |. 


Wi 


(a) Otto Zmeskal, Universal-Cyclops Steel Corp., Bridgeville, Pa. 


(b) Herbert Dobkin, Turbo Engineering Corp., Trenton, N. J. 


agra laboratory has a junk drawer 
4 cleaned up ours and gotten rid of ou 


CoLor 
f 


iceable and unsightly catch-all. 
We use small screw-cap jaws 


Finish on samples 
Brown (bronze) 


First straw 
Purple 


Source of data 
Minutes at heat 
Cobalt blue 
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jars do the job — in two handy sizes, 
r bolt the screw-cap to the underside 
‘If, and then screw the jar into place. 
in hold a particular item such as 
is, nuts, small sample polishing 
| other odds and ends. In this way, 
| is nicely segregated, the contents of 
in be seen at a glance, yet it is out 
H. M. SHANNON) 


Preservation of Samples 


cire is an excellent preservative for polished 
L and etched specimens. If the specimen is 
wed near the top of the mount, and a rela- 
ively thin coating of lucite covers it, the specimen 
iy be viewed up to 100 magnifications. 
fhe mount can also enclose a paper slip 
lentifying the specimen. This scheme, shown 
left in the engraving, has done away with 
repolishing, year after year, for classroom work. 


Lucite, while having many advantages for 
work in industrial laboratories, is too soft for 
polishing by beginners. After several polishings 
he soft lucite wears away leaving the alloy in 
relief. This condition of course makes focusing 
difficult. 

\n improvement in mounting is as follows: 
First add to the mold hard bakelite and then fill 
he remainder of the mold with lucite. This gives 
2 hard surface to be polished and permits one to 

the bulk of the specimen through the trans- 

ent lucite. (Cuartes Y. CLrayron, Metallur- 
| Dept., Missouri School of Mines) 


\gitating Quench Baths With Dry Ice 


k EQUENTLY, in small heat treating laboratories 
or when conducting certain experiments 
olve oil quenching, the facilities are not 

r circulating or cooling the oil. 
ition and cooling can be done quite 
nd at the same time by merely dropping 


dry ice in the bath. The dry ice sinks 


to the bottom of the container and the evolution 
of gas causes a tremendous amount of movement 
in the oil. If it is desired to localize the action 
the dry ice should be added in one large piece; 
small pieces will give a general agitation through- 
out the entire bath. 

The CO, gas given off, being heavier than 
air, also forms a protective blanket over the oil 
and prevents oil flashing during the quenching 
process. (A blanket of CO, might be used to 
prevent oil from flashing during a martempering 
operation where the oil would have to be at a 
higher temperature.) (JoHN S. Jackson, Battelle 
Memorial Institute. ) 


*Tinning”’’ a Bearing Before Babbitting 


YOME REMARKS on the preparation of a bearing 
) for lining are in order, since no bearing is 
better than the bond between backing and lining. 
The ideal is to have a chemically clean surface 
which is then tinned with the proper tinning 
However, in large bearings, the workman 
a hand grinder 


metal. 
usually grinds the surface with 
until he thinks it is clean. To check on this, 
brush on a mixture of copper sulphate and water 
with a few drops of sulphuric acid in it. Copper 
will deposit on the surface if the bearing is chem- 
ically clean. This process is repeated until the 
bearing has a complete copper coating. The bear- 
ing is then washed with a little household ammo- 
nia to neutralize any acid and to remove excess 
copper, and then rinsed with water and fluxed 
with a zine chloride acid flux. (We found that 
commercial fluxes were variable and subsequently 
established either “Grasselli No. 1” or “Bruko” as 
The use of molten zine chloride is 


Ph) 


our standard. 
not recommended. ) 

The bearing is then placed into the molten 
tinning metal. 

For tinning lead-base bearings, we use 20° 
tin and 80% lead. For tin-base babbitts we still 
use pure tin for tinning. This tinning metal is 
heated between 550 and 600° F. The bearing is 
then totally immersed in the bath until it reaches 
the temperature of the tinning metal. While the 
bearing is in this tinning bath, the jigs and 
fixtures are heated to between 300 and 600° F 
depending on the size and shape of the jig and 
the bearing, and finally on the thickness of bab 
bitt to be (Thin babbitt should have 
hotter jigs.) 

The bearing is then taken out of the tinning 
bath, assembled in the jig, and the babbitt is 
This must be done quickly so that the 


poured. 


poured. 
heat in the bearing is not lost. If the tinning 
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metal freezes the it will not be 
remelted by the babbitt and a bond will not be 
obtained between the two metals. This idea of 
keeping the tin molten on the bearing proper is 
important. We know of a number of cases where 
companies have gone to elaborate lengths to tin 
bearings and then allowed the tin to freeze. 
Unfortunately, a bond is impossible when the tin 


on bearing, 


is not molten; this is a matter of long experience, 
and we consider it one of the most important 
factors of making a bearing. (T. E. EaGan, Chief 
Metallurgist, Cooper-Bessemer Corp.) 


Hardening by Tool Abrasion 


ROUBLE developed in broaching a bored hole in 
T a part made of S.A.E. 3312 steel, cycle 
annealed to Rockwell C-18. The broach was made 
of high speed steel. The boring tool used in the 
preceding operation was a sintered carbide tool 
ground with axial and radial negative rakes and 
traveling at 700 ft. per min., surface speed. A 
hardness test on the bored surface was Rockwell 
C-40 and a 15N superficial hardness equivalent 
Rockwell C-55. 
micro hardness tests tell the rest of the story. 


to The photomicrograph and 


C-63 o4 53 19) 


57 


— 


originally annealed to C-18; actual hardness 
| Section etched with 1% nital, magnified 500 


A cross section through one of the trouble- 
some holes showed a hardened structure 0.025 in. 
deep. The outer portion, including a severely 
cold worked layer, shows part of the hardness 
to 
C-scale are noted in the line of figures above the 
engraving. 


traverse and the micro-hardnesses converted 


This surface was much too hard to broach 
with high speed steel. Apparently the carbide 
boring tool had been used long after its cutting 








Outer 0.009 In. of Surface Overheated by Dull Drill. 
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edge had worn away, but the only vis evideng, 
was a burnished surface and a sligh! change jy 
dimension of the hole. Even a ear tool 
the type used a few years ago probably woyy 
have crumbled under these conditions byt y, 
negative rake tool, with its well supported eqye 
continued to push its way through the etal af,, 
true cutting action had stopped. A high S| 
steel tool would have burned up long before th, 
stage was reached. 

Of course, a very small amount of cold y 


is quite common on machined surfaces, [ph 
sample shows what can happen under extre 
conditions. (JOHN HILL, Metallurgical Labo, 
tory, and C. W. Dierz, Heat Treat Dept., ( 
tinental Motors Corp.) 


Proof Testing of Control Cables 


YONTROL CABLES connecting ailerons, rudd 
} and other fuselage units to servo-moltors mus 
be individually proof tested, after attachment 
turnbuckles and This 
narily been done on a stretcher bench long 


end shackles. has ordi- 
enough for the longest cable, the operators tes. 


ing one at a time, and standing idle for |! 
required duration of the pi 
load sometimes 3 min. 4 
automatic device has been dey 
oped by our electrical departm 
that cuts the time at 


In this new device, the elect: 


least h 


switches are placed at the power 
head; the tail carriage (adjus- 
able by stops for correct cal 

length) carries equalizer bars s 
than 
tested at a time, and an ordi 


more one cable can 
beam balance weighing devic: 
measure the loads. 

The actual operation ol t! 
new control is as follows: A!! 
placing the cables in position, !! 
puts the 
rapid forward motion by pres 
ing a button. When the 
becomes taut a relay opens @ 
matically, reducing the movement to slow sp 
As the required tension is reached, and the bea! 


Forging operator machine 


as_ noted. 


diameters 


on the balance rises, a photo cell stops the ten: 
head, and a second relay starts a timing de\ 
This in turn another relay alter | 
required interval has elapsed, which reverses 
Fin 
the machine is automatically stopped by a !! 
switch after it has moved far enough to fre 

(Avery McBer, Glenn L. Martin Co 


opens 


machine and slacks off on the cables. 


cables. 
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The Eleetrie 


Strain Gage 


Prepi TION of the behavior of large struc- 

es under load often necessitates a valid stress 
In of manufacture, 
rein the product is simple or from 


ilvsis certain fields 
results 
ig period of evolution, each succeeding design 
be based on the extrapolation of data accu- 
lated over years of experience; in such cases 
the basic test data (experience) are so close to the 
no recourse to intermedi- 
the structural 


sign of large aircraft, bridges and ships, on the 


design conditions that 


calculations is necessary. In 
r hand, a broad gap exists between basic test 
dala and the strength of the final design. From 
standpoint of economy it would be ideal if 
strength of the largest and most complex 
‘iructures could be predicted from the simple 
boratory tensile test, but at its present stage of 
development stress analysis is not sufficiently 
verlul to bridge this gap. It therefore becomes 


ssary to conduct static tests of scale models 


full size sections of the proposed structure in 
predict its final strength. 

\s 
thin a structure under load than the resulting 
the 
\l allowable stress can be determined with more 
hacility for 


is easier to predict stresses (unit loads) 


‘trains (unit deformations), and as values 


than can allowable values strain, 


7 : dh . . 
ethods of stress analysis, as the name implies, 


conitined almost entirely to considerations of 


SLTESS 


However the structure in resisting the 


ile 


d load must deflect and each component 


part must deform. Outwardly, then, the struc- 


t sives evidence of the stresses acting within 
/Y Geeeting as a whole and by strains detecta- 
! 


e surfaces of the component parts. 
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By Given Brewer 
Structures Engineer 
Consolidated Vultee Aircraft Corp. 
Vultee Field, Cal. 


However if methods of stress analy- 
sis are to be improved or if analyses 
already to 
tiated it is of importance to deter 


made are be substan- 


mine the stresses within a structure 


under load. These stresses may be 


found through the expedient of 
measuring the surface strains on 


the structure at the point in ques- 
tion and converting these values of 
strain into corresponding values of 
estab- 


stress, utilizing previously 


lished relationships between stress 


and strain. 
It will be the endeavor of this 
and subsequent articles to show 


how this is done for a few elementary although 
important components. Elementary considera- 
tions of mechanics and the relationships between 
stresses, strains and directions will introduce a 
description of modern strain gages and their use. 
Their use, it may be emphasized at the outset, is 
by no means confined to the stress analyst, but 
can be and is being extended by engineers of all 
sorts in a study of new designs, the determination 
of safe loads on existing equipment, or the inves- 
tigation of obscure failures. 

Any given state of two-dimensional strain 
may be resolved into symmetrical and anti- 
symmetrical components. In other words, any 
state of strain may be shown to be composed of a 


combination of hydrostatic strain and pure shea 


strain, as shown in Fig. 2. Hydrostatic strain in 
two dimensions (Fig. 2a) is evidenced by a 
- ligt - 
xX 
2 — i 
TS 
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, 
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Construction of Bonded W ire Resistance 


{ttachment to the Structure 


Fig. 1 


Strain Gage and Its 
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e~ts F 


+Oy +0y 


@- Hydrostatic Strain 
Fig. 2 


change in surface area of the substance 
with no change in 


-say a 
single metallic crystal 
geometrical shape, whereas pure shear strain 
(Fig. 2b) is evidenced by a change in shape of 
the same substance with no change in surface 
area. (While the above statements and the dia- 
grams in this paper are, for convenience, shown 
in two dimensions, the principles involved are 
strictly true in three dimensions.) 

Thus, the resistance to applied stress is 
derived from the change in atomic spacing within 
the metallic crystal, and this is evidenced by 
strain (change of shape and size). What we 
term the “spring constant” of the metallic crystal 
is the well known modulus of elasticity E. 

A relationship between stress and _ strain 
found most commonly is in the stress-strain dia- 
gram obtained from the simple tension test, as 
shown in Fig. 3b. Therefore, if in a large struc- 
ture under load — such as a tension member in 
the framework of a crane —an axial strain of 
+-0.001 in./in. (inches per inch) is recorded upon 
the application of the load W, as shown in Fig. 
4a, and if the member be made of steel, the stress 
may be found from the stress-strain curve for 
steel (Fig. 46) or may be calculated from 
Stress=/r=e X E=0.001 in./in. X 30-108 psi.=30,000 psi. 

Referring to Fig. 3c it can be seen that the 
metallic crystals compris- 
ing the tension member fo 
have elongated in the Ny 
direction of the tensile 
stress but have contracted 


- 


» 


at right angles to the 
(This 


| 
> 
8 
W 
‘ 
8S 


applied stress. 
change in dimension at 
right angles to the prin- 
cipal stress is most evi- 
dent in the plastic range, 
as in the “necking down” 


Stre. 





fe 


By 


of a tension test piece at 
and near the plane of 
fracture. The 
lateral to longitudinal 


1P 
a-Jensile Test 
Fig. 3 


ratio of 


Metal Progress; Page 92 





b-Shear Strain 


Sketch Showing Deformation of Metallic Crystal Under Various Stress Conditions 











€q-by-0y — , a= %-Q 
a 
Soceeos 
: 
lp Ip=0;,+0, 
R > 
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c-Any Given State of 
Strain 





illed P 
Steel, ar 
will be noted in these articles by the symbol! 
change will 


deformation in the elastic range is ¢ 
son’s ratio, is approximately 14 tor 


This dimensional be shown if 
strain gage is affixed at right angles to the ayi 
of the strap; it will indicate a negative stra 
equal to the axial strain multiplied by Poisso 


ratio, or e, 0.000333 in./in. 





equa 


bx = Alby =-$x000/ 


be n 
In this example it is obvious that no exter loadi 
stress exists at right angles to the applied tension Hifratel 
stress in the strap, yet a compressive strain does struc 
exist by virtue of the presence of tension in th exist 
normal direction. In more complex structures Hwing 
where the direction of the principal stress is not Hi three 
always known, and particularly in structures Hthe | 
5 Ultimate ? Equil 
Veld Stress ae 
t — 
ty- = | 
Y1\ Proportional Lint f YU 
U4 
E a0 (in Elastic Range) | | 
Af Cx=-LEy— = | 
-- 4h on 
4eé E 
Where 41 Is Poissons 
=, 





Stress-Strain Relationships for Simple Tension Test 


St rain— € 
b-Stress- Strain Curve 











limensional stress fields exist, the 
siven direction cannot be determined 
jultiplying the measured axial strain 


where { 


stress 1D 


yy simply 
‘ mo modulus of elasticity. From the 
imple tension strap it can be seen that if all of 
the facts were not known concerning the loading 
‘the member it might be possible to interpret 
the compressive F sading of the lateral strain gage 
. evidence that a compressive stress existed in 


train Measured Here. @-000! In/In. When Weight W is Lifted 
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a-Diagram of Crane 


Fig. 4— Measuring Strain in Tension Member of Crane Boom 


this direction, an interpretation obviously in com- 
plete error. Indeed, in the tension strap a plane 
of zero axial strain can be found at 30° to the z 
axis,* yet at this same plane a finite tension stress 
equal to +7500 psi. exists. 

Single strain measurements must therefore 
be made with a complete understanding of the 
loading conditions if the stresses are to be accu- 
rately determined thereby. In the analysis of 
structures wherein two-dimensional stress fields 
exist, such as the shear beam of an airplane 
wing (Fig. 5), strains must be determined in 
three separate directions in order to determine 
the principal stresses and their directions. (The 

*“Determining Principal Stresses by Use of the 
Equilateral Strain Rosette”, by Given Brewer, Aero 
Vigest, Jan. 1, 1945, page 91. 





methods of analyzing two-dimensional stress field 
by utilizing strain rosettes will be outlined in a 
later article in Metal Progress.) Thin sheets, 
such as exist in shear webs or beam flanges in 
aircraft, have only a moderate degree of stiffness 
and the metal bends out of plane or “waves” to 
some degree under the applied stress (Fig. 5). 
Presence of such waves or buckles precludes the 
accurate measurement of strain with mechanical 
types of strain gages; 
these bridge the waves, 
yielding a completely 
invalid result. 

The electric strain 
gage overcomes many of 
the handicaps of the 
mechanical strain gage as 
a means of determining 
stresses within a _ struc- 
ture. The wire type of 
electric strain gage, 
backed with a compen- 


> 


AANA 
COU! C — 


b- Stress-Strain Curve 


for Structural Stee! sating gage, will yield a 
Ve Li of OGG! 


completely valid strain 
record of conditions at 
that spot, whether or not 
the sheet has buckled; the electric gage may be 
readily attached in remote places; it may be read 
electrically at a distance from an otherwise inac- 
cessible location; it does not creep or slip under 
vibratory stresses; it is not subject to hysteresis 
and it records static or dynamic stresses with 
equal facility. Furthermore electric gages may 
be accurately compensated for temperature 
changes, regardless of the metal used for the 
structure, whereas mechanical gages compensated 
for one metal are uncompensated for any other. 
This remarkable versatility and usefulness 
of the electric bonded wire strain gage has 
received full attention in the recent technical and 
trade literature, and only a few simple applica- 
tions will be discussed in this article. 
Construction of the Gage — Although the fact 


— 


Beam Shear Web 





{ 





Section A-A 


fa 


wee 


~Erdarged View - 


Fig. 5— Sketch Showing Location of Beam Shear Web in Airplane 
Wing and the Approximate Location of Its Principal Stresses 
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that wire changes resistance when strained has 
been known for some time (see P. W. Bridgman’s 
article on “Theoretical Considerations on the 
Nature of Metallic Resistance” in Physical Review 
for 1917, page 269) its application to the meas- 
urement of strain in structures by bonding strain 
sensitive wires to the surface of the metal was 
made by E. E. Simmons, Jr., of the California 
Institute of Technology and A. C. Ruge of Massa- 
chusetts Institute of Technology. The Baldwin 
Southwark Division of the Baldwin Locomotive 
Works has purchased the patent rights to the 
bonded wire resistance gage and manufactures 
them under the trade name “SR-4”. 

The SR-4 gage at its present stage of evolu- 
tion consists of a fine gridwork of 0.001-in. dia. 
strain sensitive wire, bonded to a paper base and 
covered with a felt strip, as shown in Fig. 1 on 
page 91. The gage is cemented to the surface of 
the structure at the desired location and the leads 
are connected to a suitable device for measuring 
electrical resistance usually a Wheatstone 


bridge. As the cross-sectional area of the cement 


Table I — Properties of Wire 


length L and reduction in area A. | R, be th 
. . . ae 
gage resistance before being stretche 
AL, and R, be the gage resistance aft 
AL. Then it may be shown that 


i amouni 
tretching 





If R « £ 
, 7 : 2 
Then Rk, = C —*; Rp = CH 
1en R, A, ” z 
Therefore, R, R, AR — ( 
1 AL 5 
ee L, 
AR 
1, (1 " ae) 
" Koy | 
AR 
) 
R, l =U ] 2 » (for small stra 
AL 19 aL 
L, “*T, 


strain sensitivity factor S of the gay 
Theoretically the strain sensitivity factor § 
should lie between 1.6 and +2.0. How 
other factors as yet unidentified conspire to y 
gage factors between + 3.5 and 12.1, the 


Commonly Used for Strain Gages 





; NOMINAL RESIST- 
NAME : 
COMPOSITION ANCE* 
/ france, C . . — . 
aa — ee | 15% Ni, 55% Cu 306 
or Constantan | 
36% Ni, 8% Cr, 0.5% Mo 
3.5% (Mn, Si, Cu & V) 680 


Iso-elastic Wire < of 
[52% Fe 


Nickel 





TEMPERATURE COEFFICIENT?, 8 k 
S ( , Ul 
STEEL ALUMINUM CSREES 

+ 2.38 66.2 37.4 94, 
( +2.82 +471 +515 147 

> 3.50 , 
{ or 3.0 L600 

12.1 unstable 








*Ohms per ft. of wire 0.001 in. diameter. 
‘Temperature coefficient of resistance 10° in 


is very large compared to the cross-sectional area 
of the wires, the latter are forced to stretch or 
compress exactly the same amount as does the 
surface of the structure directly underneath. 
Therefore the surface strains of the structure in 
the direction of the gage axis will cause equal 
strains in the wire, equal both as to amount and 
as to sign (direction). When the wire grid is 
strained in this manner the total length of the 
wires is altered (as is also their cross-sectional 
area, according to Poisson’s ratio). Since the 
resistance of a wire depends not only upon its 
length but inversely as to its area, it is logical to 
suppose that the overall resistance of the gage 
will increase with axial tension strains, or 
decrease with axial compression strains, and be 
unaffected by angular shear strains. 

We assume that the change in resistance R 
of the wire is a function only of the change in 
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ohms per ohm per deg. Cent., when cemented t 
respective metal. 


factor varying with the heat treatment, cold work 
and analysis of the various alloys used. Se 


the values listed in Table I. 


Effect of Temperature Changes 





While many tests involve no change in tel 
perature of the metal during the tests, tt Is 
to understand what wil! be the result ol s 
a change. 

It has been found that resistance of th 
in addition to being a function of strain, ts 
a function of temperature; this facto kn in res 


as the “temperature coefficient of resistanc rhe 
noted by the symbol 8, and is expressed in oh! b ba 
per ohm per deg. Cent. <A_ positive ft vi 
implies that the gage will increase in resis! Nite | 
the y 


with an increase in temperature, whereas a 2" 


tive coefficient means that the gage wil! de 








ther change in gage resistance. Thus the effective 
temperature sensitivity of the gage when 
cemented to a certain metal should be in accord- 
ance with the relations computed below: 

Due to a change in temperature of 1° C., 
and assuming that gage resistance when free 
varies in two components, one inherent (due to 
temperature change) and the other a function of 
the thermal strain: 


At- 8B K - Af S - Ges Al 


where (fis temperature, Cent. 
Af ia f° C. 
3 is the temperature coefficient of resistance 





t is the temperature coefficient of linear 
expansion 
S is the strain sensitivity factor 

and K is a constant 

The above is for the gage alone. 

If the gage be made of Copel wire and be 
cemented to an aluminum bar, we have the 
following expression: 

Gs K S (ay _— S 
iN Sa, 

Inserting numerical values from Table I, and 
knowing that the linear coefficient of thermal 
expansion per “C. for aluminum at atmospheric 
temperatures is 24-10" 

Bs 37.4-10" K 2.38 (24-10" 
Whence K 94.6-10°° for Copel wire 
Using this value for Copel wire and knowing 

that the linear coefficient of thermal expansion 

of S.A.E. steel, while depending somewhat on 
analysis, averages about 11-10° per °C., we can 
figure 8 for steel as follows: 

Ss 94.6-10° 2.38 (11-10° 

68.4-10° 

This figure, which may be measured with 
precise direct-reading mechanical and optical 
extensometers, varies between the values of 

66.2-10° and 76.3 -10° 

Similar computations for iso-elastic wire 
S 2.82) cemented on steel give values of 
of 175-10°, while the measured value checks 


very closely al 171-10°8, 





lig. 6——Tension Test on Wide Relative | tility of the Two Ty pes 
Sheet With Gages {ttached to Meas- 
ire Actual Distribution of Strain From the above it is apparent that gages 
made of copper-nickel wire* when cemented to 
MN resistance with an increase in temperature. aluminum alloy bars have only about 7 the 
iheref if a gage is cemented to the surface of temperature sensitivity of iso-elastic wire gages. 


etal a change in temperature will not This at first thought seems anomalous, since the 


ve the inherent resistance ot the gage thermal coeflicient ol linear expansion for 1so 


he thermal coefficient of expansion ol elastic wire is almost zero whereas this coefficient 
vill cause thermal strains in the metal for Copel wire is 14.6-10 rhe desirable 


lso strain the gage wire, causing a fur- *Baldwin Southwark “A” type strain gage. 
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behavior of Copel is explained by the fact that 
its negative temperature sensitivity tends to 
counterbalance its positive strain sensitivity when 
thermal strains exist. Obviously, then, the cop- 
per-nickel wire will yield more valid results than 
will iso-elastic wire gages when temperatures 
change during the test. 

Temperature may be completely compensated 
through the use of a dummy gage cemented to 
an unloaded structure having the same ratio of 
mass to exposed surface area as the structure 
being tested. If the dummy structure is placed 
near the active one, changes in atmospheric tem- 
perature will cause nearly identical thermal 
strains in the two, and the change in strain 
recorded by the dummy gage may be subtracted 
from the total strain recorded by the active gage, 
thus yielding the correct value of strain, free of 
thermal errors. Although gages may be built of 
two wires having compensating temperature sen- 
sitivities for a given material, these double-wire 
gages have proven impractical. Since the coeffi- 
cient of linear expansion for steel is affected by 
cold work as well as composition, a compensated 
gage for all types of steel is virtually impossible. 

Table I shows that the resistance per foot of 
the iso-elastic wire is about 2.2 times as much as 
Copel, and as its gage factor S is 1.3 to 1.5 as much 
as Copel’s; the result is that, for a given strain, 
an iso-elastic gage will give 3 to 3% times as 
much voltage change for a given gage length and 
equal current. In the measurement of dynamic 
stresses (where the temperature sensitive proper- 
ties of the iso-elastic gages are not objectionable, 
since the temperature cannot fluctuate appreci- 
ably during the recording period) the extra gain 
in voltage is desirable. Wire of this sort is used 
in Baldwin Southwark “C” type. 

The total resistance of the bonded wire strain 
gage is usually above 100 ohms, so that contact 
and lead resistances of the recording apparatus 
will not ordinarily be appreciable factors and 
subsequent sources of error. Usually the leads 
‘an be soldered to the gage. If leads cannot be 
permanently attached, a plastic terminal contain- 
ing small wells of mercury can be used for plug- 
ging in and out and insure a constant contact 
resistance approaching zero in magnitude. 

The plastic bonding material or cement, as 
the case may be, serves the dual purpose of pick- 
ing up the surface strains of the loaded structure 
by adhesion and transmitting these axial strains 
to the wire grid, thereby straining it an amount 
very nearly equal to the movement experienced 
by the structure. Although the bonding cement 
must suffer some shear deformation in transmit- 
ting these strains, this effect is negligible due to 
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three factors: First, the distance fr: 


the plane 
of the grid to the surface of the stru 


re is very 
small; second, the cross-sectional a of the 
plastic is very large with respect to the eros. 
sectional area of the wires; and last, the bonding 


area between the wires and the plastic js very 
large compared to the cross-sectional area of the 
wires. Analogous to reinforced concrete design, 
the support offered the thin wires by the sy. 
rounding plastic is sufficient to transfer large 
compressive strains without buckling the wire 
This is proven by stress-strain curves, compres. 
sion or tension, obtained with electric gages 
which agree exactly with curves obtained simy. 
taneously with precise mechanical gages. Other 
tests have also shown that properly bonded gages 
are not subject to creep or hysteresis. 


Cements 


Various bonding materials, plastics and 
cements have been studied. Experimental work 
has included the testing of thermosetting and 
thermoplastic materials, employing various tech 
niques at different stages of polymerization. The 
commonly used gages today are bonded to their 
paper bases (for electrical insulation) by nitro 
cellulose dope, and are cemented to the surface 
of the structure to be tested by a similar adhesive, 

Popular adhesives are Duco cement or cellu 
loid dissolved in acetone, with the addition d 
castor oil or similar plasticizer to add flexibility. 
For applications involving tests at temperatures 
ranging to 300° F. (or for short duration to dif 
F.) phenol-formaldehyde bonding materials and 
special papers are used in the manufacture, and 
the gage must be baked in place using a similat 
thermosetting plastic for an adhesive. It 8 
usually advisable to prepare the surface of the 
structure for the gage by very lightly roughing 
the surface with 000 or 00 emery paper, and thea 
cleaning with a varnish thinner or a similar 
solvent. The surface is then brushed with cemetl, 
or the gage itself may be lightly wetted with 
cement and firmly pushed on the structure and 
allowed to dry overnight before the leads aft 
connected. 
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Going hand-in-hand with re- 
vised design and improved 
methods of fabrication --- alloys 
containing Nickel give greater 
play to the skill of the engineer. 
Nickel fortifies steels, cast irons, 


bronzes -- - imparting strength, 





hardness, roughness, and resist- 
ance to wear, chock, fatigue and 
corrosion. Nickel in the metal 
improves response tO heat-treat- 
ing and machining. Whatever 
your industry, WS solicit the 
opportunity to help you with 


counsel and data. 


iF | 
E INTERNATIONAL NICKEL COMPANY INC. 
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Engineering Properties of “A” Nicke! 
Data from International Nickel Co., Inc. (Revised 1945) 
ROUGHT NICKEL used throughout American industry Physical Constants of “A” Ni, 
is commercially pure metal, specifically “A” nickel to Specific gravity 
distinguish it from electrolytic nickel and from special poo Gee jh 
alloys like “D” nickel containing 4.5% manganese and from Density, lb. per cu. in 
“Z” nickel, an age-hardenable alloy containing 98.0% nickel Melting range 
A carbon-free variety (carbon 0.02% max.) is known as “L” degrees Fahrenheit 9 
nickel to distinguish it from “A” nickel. degrees Centigrade : + tre 
Anne : _ ae Specific heat at (80° to 212° F.) (27° to 10% “ 
Nominal ( omposition of “A Nickel Heat expansion coefficient 
at (80° to 212° F.), per ° F 
Wrought Cast at (27° to 100° C.), per © C 
— Thermal conductivity 
oncom plus cobalt) _ 96 [i at (80° to 212° F.). Btu sq.ft. /hr F /in 
— 015 ey at (27° to 100° C.), cal./sq.cm./sec C. ‘c1 
Manganese 0 _ 0% Electrical resistivity 
Silicon 005 I 5 at 68° F., ohms/circ. mil. ft 
Carbon 01 05 at 20° C., microhms/cm.*. 
: ; Temperature coefficient of electrical resistivi 
Magnetic Properties per _ st eeeeecees 24 
Initial permeability, u, . 110 " , | 
Maximum permeability, x, . ; 600 Modulus of elasticity 
Saturation, gausses ...... indeed , . 6100 im tornion al 3 
Hysteresis loss at saturation, ‘ergs per cu.cm. .. 3000 on agai 
Residual induction, gausses ca wereekanan sow ee olsson'’s ratio 
Coercive force, oersteds ..... vanes ; eee 3.4 
Curie temperature, “C. ..... tee eeees +++ 360 Short-Time High Temperature Tensile Propertie. 
Endurance Limit and Apparent Corrosion Fatigue Limit : 
of Monel, Nickel and Carbon Steels in Air, in Fresh Test Tensile -. a. 
Water and in Brackish Estuarine Water (a) Temperature Strength (0 2% Offae 
Apparent Corrosion- ‘ - 
Endurance Fatigue Limit, Psi. for oom 36,000 pal 43,000 psi. 49 
Limit, 10° Cvcles 200° F 21,000 77,000 9 
Material Condition Psi. for : 300 21,000 76,000 T 
10° Cycles Fresh Brackish 400 23,000 79,000 49 
Water Water 500 24,000 76,000 48 
600 22,000 83,000 
Nickel Annealed 33,000 21-24,000 20-22,000 700 22,000 80,000 
Cold worked 50,000 21-24,000 20-22,000 800 21,000 76,000 52 ar 
Monel Annealed 36,000 21-24,000 27-29,000 900 20,000 65,000 l 
Cold worked 50,000 21-24,000 27-29,000 1000 17,000 46,000 : equip 
Carbon steels 25-42,000 16-24,000 6- 8,000 1200 15,000 34,000 ” — 
1400 12,000 27.000 6] rel 
(a) From “Corrosion Fatigue of Non-Ferrous Metals,” 1600 16,000 7 Te 
by D. J. McAdam, Jr., Proceedings, American Society for 1800 8,000 
Testing Materials, Vol. 27, 1927, p. 122. lesigi 
th 
Average Tensile Properties and Hardness of Wrought “A” and “L” Nickel ic: 
l 
arnt Scleroscope Number T T 
120 a es SE a eS Se See Se ia 
© a a oT | 
S =-— Annealed ——=« Col Drawn - L Cold Rolled Sheet « Strip gt 
& Bd ber ay 5 + _ = | fore 
= High Str aes Lincoell 
Bx 100 +— t | op ' 1 , 
oe | Forging | | | | 
a2 +——+ } } be 9 pec 
*S S | Tensile Strength, > um 
a 01 Se ee +——| » 
Ss | . an 
Ss = 7 — g ved 
es | Racection of Area ~ Yield Strength) & Ise 
| 6 60 _——_—_ = — —E ae is + bl . - 
Sy Yield Strength x | | 
| gS a roble 
= —~ 40 “J T 1% ‘ 1) 
i NW S 
Be 4 ¢ utilize 
| $3 | a _& duced 
a 2 ee ae — mo 122 Biicke 
Sv ; | tl Drgportional Limit Elongation ; ickel 
oO . R etek 4 + + + + + 4 | a > eal ly 
¢ | | | y F 
: equi 
O | | | ~ - }Ly - 1 ae | | ! 1 Lud OG ‘ — 
~\ MS US 
50 60 70 «80 90 15 99 25305550 60 70 80 90 feTrTT 
y “—D* oy f 
Rockwell "B* Hardness Rockwell 'C’ Rockwell "B”’ Haroness 5 2 & i 
Rockw é becat 
iO 
Values for “L” nickel are essentially the same as Skin W yo jt al om 
for “A” nickel, since the only difference in chemical Soft Hard. Hard Herd —_ 
composition is the carbon content I? 
Deed Soft $4 Hard Hard af 

















Vetal Progress Data Sheet: July 1915, Page 96-B 





















rr 
Doce HER with the other industries the farm 
equipment manufacturers responded to the pro- 
ram for the conservation of essential alloys by 








ugurating manufacturing research projects 
lesigned to further the substitution of steels 
th lower alloy contents, or to substitute a less 







lical alloy for a more critical one. 
Due to the unavoidable uncertainty of the 
‘iluation, as it developed in the early days of the 
with respect to the availability of alloys, one 
gram would be started and another substituted 
tefore the completion of the first one. To illus- 
ile, when the outlook became critical with 
respect to nickel, a change was made to chro- 
im-molybdenum steels; chromium then 
became a critical alloy and this was shortly fol- 
ved by a restriction of molybdenum, mainly 
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used by the swing from nickel-chromium steels 





molybdenum containing steels. 





PROC HOAIOMN? 


rhe final and most logical solution to the 
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problem of alloy conservation was the introduc- 





) 





* ff} 


of the National Emergency steels which 






wulized all the alloying elements commonly intro- 





Tb / 


lueed into steel, such as silicon, manganese, 






hickel, chromium, and molybdenum. (Vanadium 





ri } . . . 
“arly Decame scarce because of its essential 






requir nt as an alloy in toolsteels, as well as 





© MURAI OW) ¢ 


S Use 1 deoxidizer and grain refiner for steels 
) } . 
high importance to ordnance, and further 






e change from high alloy content steels 
y steels posed primarily the question 






Ol hear 7 . ° 
na ibility and vanadium is not used as a 
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By J. H. Clark 
J. D. Walker 
and A. S. Jameson 
Vetallurgists* 


International Harvester Co. 


NE Steels for promoter of hardenability. ) 


In “hardenability” lay the 
key to the substitution of 
lower alloy content steels. 
Recognition of this fact 


Bearings and Bolts gave considerable impetus 


to the study of hardenabil- 
ity with the outcome that 
steels will probably be pur- 
chased, in the future, on the 
basis of hardenability. 


in Farm Equipment ee ee 


are competent to speak of 
the use of the NE steels only 
in the manufacture of farm 
equipment, The farm equip- 
‘industry” covers a 


ment 

wide range of finished prod- 
ucts, such as tractors, trucks, refrigerators, plows, 
harrows, corn pickers, mowers, combines, The 
production of each is in itself a special field. 
When these final products are broken down into 
individual parts, the range becomes so large as to 
preclude the possibility of discussing, in a single 
article, any but a few of the applications of NE 
steels. 

It will be our effort therefore to describe a 
few specific parts which are of interest to metal- 
lurgists generally, because of their widespread 
use in many other industries. This first article 
will confine itself to the steels used in roller 
bearings and bolts; a subsequent article will 
present some pertinent information on properties 
of steels used in steering knuckles, axle drive 


shafts and (very briefly) transmission gears. 
Roller Bearings 


In certain sizes of conical roller bearings, 
such as shown in Fig. 1, and which comprise the 
largest tonnage used (estimated in 1942 to be 
about 200,000 net tons) S.A.E. 4620 (154% Ni, 
Vo Mo) was the standard material. These 
bearings are used in tractors, trucks, and imple- 
ments. In April 1941, due to the shortage of 
nickel, experiments were commenced using S.A.E. 

*Of the authors, Mr. Clark is works metallurgist 
and Mr. Walker is metallurgist at the Fort Wayne 
Works of International Harvester, and Mr. Jameson 
is works metallurgist of its West Pullman Works in 


Chicago. 























Fig. 1 { Medium Sized Roller Bearing, Dis- 
as sembled —an Item that Consumes About a 
Quarter- Million Tons of Fine Alloy Steel Y early 


4119 as a substitute. It contained no nickel, but 
higher manganese, 42% Cr and 4% Mo. In May 
1941, a special S.A.E. 4620 steel with a nickel 
content of 1.00 to 1.35% instead of 1.65 to 2.00% 
was used for bearing parts. Before the end of that 
month even steel of this nickel content became 
unavailable and A.I.S.I1. A-4027 (Mn-Mo) was 
used, and in June 1941, a small quantity of 
S.A.E. 6120 (Cr-V). All these changes entailed 
a considerable amount of experimental 
throughout 1941. 

By February 1942, the Alloy Steel Section of 
the War Production Board set up a Bearing Sub- 
Committee of the Technical Advisory Committee, 
and experimentation proceeded with the newly 
proposed NE8720 or NE8620 and another steel 
(essentially an NE steel) known as R.B.E.C. 4720 


work 


of the following analysis: Carbon 0.17 to 0.22%, 
manganese 0.45 to 0.75, silicon 0.20 to 0.35, nickel 
0.90 to 1.20, molybdenum 0.20 to 0.30, and chro- 
mium 0.25 to 0.50%. 

An article by one of the present authors on 
the application of NE8720 to roller bearings was 
published in Steel for December 7, 1942. NE8720 
has the following composition: Mn 0.70 to 0.90, 
Ni 0.40 to 0.70, Cr 0.40 te 0.60, and Mo 0.20 to 0.30. 
R.B.E.C. 4720 was finally adopted for these bear- 
ings and has been in use since June 1942. We 
will now compare briefly the properties of this 
steel with those of A.IL.S.I. or S.A.E. 4620, the 
old standard. 

Hardenability 
hardenability of a steel is one of the primary con- 
From 


As stated in the introduction, 


siderations when selecting a replacement. 


known data we can assume that th Wert 


the nickel content of A.L.S.1. 4620 s| irom 1.45 
to 2.00 to the new range of 0.90 1.0 
R.B.E.C, 4720 would lower its ha: Labilite 
However, this should be offset by the additi 
chromium to the latter analysis. 

The comparative hardenability the 
can be seen by comparing Fig. 2, and it w; 


seen that they have approximately the cm 
hardenability values when end-quenched fp, 


1650° F. that is, the highest frequency 
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_39 Heats 
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10 
~~ 22 Heats 
S 
Q RBEC4720 
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Distance, 16 Int 
Fig. 2— Frequency Distribution of Hardenability | Div- 


tance on End-Quenched Specimen to C-30) of Several 
Heats of A.I.S.1. 4620 and R.B.E.C. 4720. Samples 
normalized at 1650 and end-quenched from 1650° ! 


C-30 for each class of steel is at 4, in. from th 


end, and the same general proportion of heal 
have equal hardnesses at 342/16 and 4/16. F 
of the 39 A.1.S.I. 4620 heats had unusually shal- 
low hardenability (2/16 in.) ; none of the R.B.! 
$720 heats were of this class. 

(The standard end-quench test gives a cu 


¢ 


showing hardness at different distances trom 
end, but it is very convenient to compare one sie 
or curve with another by noting the distance 
from the end to a certain hardness in this cas 
Rockwell C-30.) 
Tensile Properties 
of similar carbon content where the variant ts! 


In comparing two s! 


alloy content, it is customary to heat treat Tt 
sections of a diameter which will quench ou! 
a uniform microstructure at least 50° mar 


trol 


sitic, and determine the tensile properties ! 


them. Although it is well established tha! 
S.A.E. structural steels will have very si” 
tensile properties when the conditions 0 
above are met, there may be some differences 
the ductility values (elongation and reduction 
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tempering 
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Howevel ie 
nly a steel Which has higher reduction of 
nd e:ongation at a given hardness or ten- 
h would be considered preferable. 
\s natter of fact, tests made on the 
steels as above outlined give results that 
sree Within the experimental errors. Figure 
gives se tensile properties of the steels 
jer quenching from 1550° F. in water and 


water from 1550° F. before tempering. 





ziven hardness or tensile strength. 
may define “toughness”, cer- 


Table I— Impact Tests on 4620 and 4720, 


Carburized 





from 600 to 1200° F. at 100° inter- 
rests were made on 0.525-in. test bars 
rain size No. 7 at 1700° F.) quenched in 


Hardness; Case 

Case depth 

Direct oil quench 

Same; reheated, 
1500° F. 


quenched 


Core C-28 to 38 
0.030 to 0.055 in. 0.044 to 0.053 in. 
Fracture grain size Sto9 8Sto9 
Max. MIN. MAX. MIN. 
28 ft-lb. 10 ft-lb. 21 ft-lb.) 18 ft-lb. 
oil quenched from 
43 13 3 21 
Slow cooled, double 
(1575 and 1500° F.) 37 15 25 20 


A.1.S.1. 4620 R.B.E.C. 4720 


C-61 to 63 
C-21 to 26 


C-60 to 63 











Carburizing — It would be expected that 


the response of 4720 to carburization would 
be, within practical limits, the same as 4620. 


{ 


d WAC, Ya 


? WIS BecsctiOv? 


~WIJILIOW 


SY 
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00 ___1100 1000 800 600 hardening test pieces under certain condi- 
| | | | ' 7 tions representing the heat treatment given 
60 | Reatuction of Aré3 +200 & finished parts to be made from the steel 
}— & under study. We give preference to impact 
; Q tests of hardened specimens, un-notched. 
’ ength 0S However, comparative values may be 
= —= Stee! 4720 | Stee! 4620 © obtained on grooved specimens, grooved 
C020, Mn053\C 019, MnQ56 = with the object of localizing the fracture. 
™ | 3) 028. Ni 1.07\8i 024 Ni120 100 «, This type of test is dependent on so many 
| Meld Strength Gr 045, Mo023\CrQ2!,Mo022 Re factors which influence the results that 
- S where comparisons between steels are made 
oe EO. 50 8 the specimens should be carburized, hard- 
Elongation B , 
oa } — i d ened, and prepared side by side. One of the 
S main factors which affects the impact values 
C5 C-20 G-25 C-30 6-35 Rockwell is case depth, followed by grain size, and 
203 22, 255 285 33) Brine 375 probably core hardness. But regardless of 
Haraness the extreme sensitivity of the impact values 
lin. round in a compound of known analysis 
ails for 8 hr. at 1700° F. and cooling slowly, 100 =" 
‘as conducted on a representative heat of 4720. — 
‘le carbon penetration curve obtained is com- Maximum 4620 
red with a range of curves obtained from many SS 080 —}—}- -—7 
teats of the old standard 4620 steel in Fig. 4. It & ae 
‘Seen that the carbon content of the case in this s RBEC4720 
ticular heat of R.B.E.C. 4720 is near the lower © 260 C OZ | 
mit to be expected in A.1.S.1. 4620. § . Mn 056 
S Si 028 
a & 040|- Or 04/ he 
k !— Carbon Penetration Curve for a Single Heat of 2 Mo 022 ea Ole 
‘ — 1720 | fustenitic Grain Size No. 7 at 1700° F.) - M 109 Minimum 4620. | 
* “Compared to Expected Range for A.I.S.1. 4620. 020 
‘imples carburized 8 hr. at 1700° F. and slowly cooled 0 0010 0020 0030 Q040 0050 060 


in 


standard test, consisting of carburizing a 


Fig. 3— Average Tensile Properties of Roller 
Bearing Steels, 0.525-In. Bars Quenched From 
1550° F. and Tempered to Various Hardnesses 


Tempering Temperature, F 





















coke ™ 


ise. carburizer containing 10% BaCO 


Measuring to 0.35% carbon in carburized parts, 


a case depth of from 0.050 to 0.060 in. 


to be 
expected, with a carbon content of not less 
than 0.90% and not more than 1.0% at a 


distance of 0.010 in. under the surface. 
Various non-standard tests 


1s 


Toughness 
are frequently used in examining carburiz- 
ing steels, consisting of carburizing and 


















Distance from Surface, In 
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to slight differences in test 
procedure, the impact or 
notched-bar test has 
proved to be of some worth 
in appraising the value of 
a steel in service. 

Some values are given 
in Table I, for specimens 
carburized at 1700° F. in 
a 10% BaCO, compound, 
and treated as indicated, 
subsequently tempering at 
325° F. in all cases. The 
hardness and other char- 
acteristics of the speci- 
mens are also shown. 

It would appear from 
these tests that 4720 should 
be a satisfactory substitute 
for 4620. 

There was, however, 
one disadvantage to 4720 
in rings with heavier 
walls. It had a_ greater 
tendency to produce soft 
rings after the final hard- 
ening. This was true in 
spite of the fact that the 
hardenability as recorded 
on uncarburized specimens 
was the same. On the 
other hand, hardenability 
carburized 
specimens showed a higher 
hardenability for 4620 
when hardened at 1480° F., 
which had been the cus- 
tomary hardening temper- 
ature for 4620 rings. These 
hardenability tests on car- 
burized end-quench speci- 


tests made on 


mens are shown in Table 
II at the top of the page, 
where the criterion is the 
distance from the quenched 
end to Rockwell C-55. All 
specimens were carburized 
8 hr. at 1700° F. in the 
standard carburizing 
medium, quenched in oil, 
reheated to 1480° F. and 
end-quenched by a water 
jet. Tests on 100 heats of 
A.LS.1. 4620 and 50 heats 
of R.B.E.C, 4720 steel are 
summarized in Table II, 
above. 


Table Il — Frequency Distribution of 
Hardenability Tests on Carburized Steels 

































DISTANCE TO 100 HEATS 50 HEATS 
C-55 (7s In.) | A.1S.1. 4620 | R.B.E.C. 4720 
5 1 
5% 5 
6 5 
6% 11 
7 4 7 
7% gy 
8 11 3 
814 2 
9 11 1 
9% 
10 10 
10% 3 
11 13 3 
12 10 
13 9 
14 8 
15 7 
16 4 
17 3 
18 7 
19 l 
20 1 
21 
22 1 
70 T 7 
— | or F | 
- - as 650 F> 
im — 
& 60} a) 
8 ae ee Bee Me, *. — 
& XN || 
gs 1430 F-"™. | \ 900% 
& 50 + t + {$+ 
S . N 
8 RBECW2O0 _|\ | NK] 
+ £ 022 | Ye] +] 
= nm OSE | 1. 
s7- @ awe “TS 
Ss M 109 | 
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Mo 022 | 
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Distance From Quenched End of 
Specimen, Sixteenths of an lnch 


Fig. 5— Effect of Quenching Temperature 
on the Hardenability of Carburized Jominy 
Specimens, R.B.E.C. 4720 Steel. Austenitic 
grain size No. 7 at 1700° F. Carburized 
in standard compound for 8 hr. at 1700° F.; 
oil quenched; reheated to temperatures as 
indicated and end-quenched by a water jet 


We know, however, that an increase 
in the hardening temperature gives a 
marked increase in hardenability. This 
is shown graphically in Fig. 5. Knowing 
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this, the hardeni 
ature of the race ring wa 
increased to 1525° P., ang 
no further difficulty wo. 
experienced. , 
The R.B.E.C. 4720 ste. 
having been processed with. 
out any change in procedyy, 
except raising the hardep. 
ing temperature, the fing! 
test as to the fitness of the 
steel is the accelerated lif, 
test. This consists of ryp. 
ning assembled bearings 
under overload conditions 
to simulate their use ip 


temper. 


service. Of course, accel- 
erating failure by overload- 
ing is not quite the same 
thing as service operation 
but it does give some indica. 
tion of their field perform. 
ance. 
Numerous accelerated 
life tests made under paral- 
lel conditions showed that 
bearings made from 472) 
were comparable with bear- 
ings made from the 
standard 4620 steel. 


Application of NE Steels 
to Bolts 


S.A.E. 3135 and 413 
(or 4135) were popular 
used for bolts up to about 
114 in. diameter. (See Fig 
6.) At about the time of the 
anxiety regarding the coun 
try’s alloy stocks there was 
a wide use of 4042 (C-M 
steel, but it had some hard- 
enability limitations in bolt 
sizes over 5% in. so thal 
some 3135 and 4135 was 
still When 4042 
became impossible to obtain 


used. 


because there was little 0! 
no alloy-free scrap from 
which to make it, one © 
the earlier NE allo’ steels 
(8339) was expe! mented 
with. Its use was late! 
abandoned because of 
undesirability of | all 


S ]-mak- 


combination in 
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namely, manganese and 


m. 
le 1835 (1%4% 
ust It did not become too 


Mn) was 


oular because, generally speak- 
? * 

yg, mi sanese over 1.60% is not 
irly desirable for cold 


vorking. Beeause of its association 


vith the ferrite constituent, manga- 
est ses rapid work hardening 


‘ the ferrite, and where several 
ld w 


ld rking operations are 
nvolved it becomes necessary for 
safety’s sake to anneal between 
perations. For a time, preference 
as given to NE9437 (Mn 1.0%, Ni 

Cr 0.40%. Mo 0.10%) and 
was extensively used for two 
vears. However because of its lower 
manganese content and lower cost 


NE8637 is now replacing NE9437. 
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Distance Fram Quenched End of 
Specimen, Sixteenths of an Inch 


\s in the other substitutions of NE alloy 
steels for the old standard S.A.E. or A.LS.1. alloy 
steels, the hardenability of bolt steel is an impor- 
tant consideration. The comparative harden- 
ability of 3100, 4000, 4100, 8600, and 9400 steels 
in carbon ranges from 0.33 to 0.43% is approxi- 
The term “approxt- 
naturally a 


mately as shown in Fig. 7. 


mately” is used because there is 


considerable spread in hardenability within each 
steel analysis. By looking at Fig. 8, which con- 


tains ‘requency distributions for several heats of 
4440 and 3140, this will become apparent. It also 
shows that the NE9440 heats are slightly, but 
miy s shtly, more hardenable. 

“ommencing with the premise that in order 


bons. 
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hig. 6 Typical Bolts l sed by the Farm Equipment Industry 
Fig. 7 {pproximate Hardenability of 3100 (Ni-Cr 
1000 (C-Mo), 4100 (Cr-Mo). 8600 (Low Ni-Cr-Mo 


and 9400 (Mn-Ni-Cr-Mo) Steels in 0.33 to 0.43% Car- 


{ll samples normalized at 1650° F., heated to 


1550° F. for 35 min... and end-quenched by water jet 


hig. 8 — Frequency Distribution of Hardenabil- 
ity (Distance to C-45) of S.A.E. 3140 and NE 


9110 Steels. All samples treated as in Fig. 


6 







JO 46 Heats of SAE 3/40 


‘ , 
35 HEAS Of NE 9440 


Number 











Distance, /ie /n 


to obtain maximum tensile properties from a bolt 
the section must be hardened throughout by oil 
quenching to produce at least a 50% martensitic 
structure before tempering, the tensile test would 


be the usual means of evaluating a bolt. On this 
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Fig.9 


Acceptable Spheroidized Microstructure of NE 9400 Steel Wire or Rod for the Manu- 


facture of Cold Headed Bolts, as Contrasted With Unacceptable Pearlitic Structure (Right 


basis of hardenability, the suitability of each type 
of steel may be determined by calculations from 
the curves of Fig. 7. This is done by correlating 
the cooling rates at various locations along the 
Jominy end-quenched bar with the cooling rates 
at surface, half-radius and center of round bars 
during quenching in still oil.* Such correlations 
are given in Table III. (In this table the “hard- 
enability rating” or “J-value” is the distance 
along the end-quenched bar to the specified hard- 
ness, either C-50 or C-45. The hardness of a 
medium alloy steel with 0.40% carbon, quenched 
to 50% martensite, is at most C-45.) 

Assuming that center hardness of C-45 after 
oil quenching is the main consideration, because 

*A graphical method of doing this is described 


by B. F. Shepherd in Metal Progress for March 1944, 
page 503. 
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Fig. 10 — Hardness of NE 9437 Bolts in V ari- 
ous Sizes (*¢ to 84 In. Diameter) Oil Quenched 
1550°- F. and 


From Tempered as Shown 
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of its relation to tensile properties, it will be seen 
that 9400 and 8600 steels would be, from the 
hardenability standpoint, satisfactory substitutes 
for all bolts up to at least % in. diameter. 

Of course, the approval of a new material 
would not be given on the basis of a hardenability 
test alone. Bolts would be made up from the 
new steel, observing the manner in which it 
headed and heat treated in the established prac- 
tice. Also, a series of tensile tests would be made 
on the finished parts. The data so obtained 
would be compared with that already existing for 
the old material and from this the suitability of 
the new material would be decided. 

In cold heading practice the 9400 steel, when 
used to replace the 4000 steel, gave some diff- 
culty, mainly when trimming hexagon head bolts 
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ming die life appreciably decreased 
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Table I1l — Maximum Diameters of Bars Which Will 







































































‘s tended to split in the head. ” ce . 
and the | Erennageled fs alias dhenaaan Oil-Quench to Given Hardness at Places Indicated 
In order encdinapTeadine eeadnanes pure (Carbons in each type: 0.33 to 0.43%) 
nsidera attention had to be paid to 
the micr ructural condition of the bolt 3100 4000 1100 8600 9400 
wire: an almost completely spheroidized ae REF 
vructure was found to be desirable, as J-value (x in.) 4 3.5 7 6 4 
chown in Fig. 9. Surface 1.8in. 1.6in. 2.7in. 24in. | 1.8in, 
In heat treating, NE9400 and 8600 % — 1.0 0.9 1.8 1.5 - 
| ne e -- . 4 radius 0.8 0.7 1.4 1.2 0. 
bolts responded equally as well as the Center of bar 0.6 0.5 1.2 1.0 0.6 
ther alloy steels previously used. The ications Gil 
bolts made from these new materials are J-value (%zin.)| 6 15 9.5 85 6 
hardened in oil from 1550° F. and tem- Surface 2.4 2.0 3.3 3.1 2.4 
ered at 1000° F. The data in Fig. 10, % radius 1.5 1.2 2.: 2.1 1.5 
? + : . ‘ - ‘ 
ptained from 10 heats and representing “ radius 1.2 0.9 1.9 1.7 1.2 
. : Center of bar 1.( 0.7 1.7 1.5 1.0 
the hardness of 900 pieces, show that a 
hardness specification of C-30 
38 can be met with a tem- 220 Fig. 12 — Relationship Between 
pering temperature of rom \, -NE 8640 Tensile Strength and Reduction 
au 095 to 1075° F., with 1000° F. ° \ | of Area of 0.500-In. A.S.T.M. 
ne sa mean. 200 |— i ea inal Test Bars, Quenched and Tem- 
es Assuming that the bolts e i pered. Three or four heats 
are hardened throughout, a v_._avl in each analysis are involved 
al ediction as to the tensile & ° * 
predictio as 5 >ns 4 \a 
- 180 ~ | 
properties can be made, for & ‘ ° requirement of a_ bolting 
. hardness is intimately related & =A i" steel is that it be tough 
M to tensile strength. Figure 11 < >’ «*¢ ‘\. enough to “give” some- 
gives the relationship between iS 160 |} os > | ‘ what without breaking. 
e hardness and tensile strength §®§ ole \ Thies on ’ Hi 
i ir ake 4 ee s o— ps). rhis property is estimated 
or NEQ497 bolts in sizes mo .? \ from the elongation and 
from 4 to %4 in., determined > 140 o| \ reduction of aren values 
| ro : > N é 2« N + . . 
; m 1080 wane on os heats S I" -s \ for a given tensile strength. 
of steel. It would be expected « 8640 v. x It is true that within cer- 
that all bolts made from this 120 |- ° 9440 _ fk oe tain limits all S.A.E. con- 
chee wresé« , > + slar Vv . 
steel or any other similar ‘ rood Pe © structional alloy steels 
low _ — would, at a ° 4/40 | | j exhibit comparable “tough- 
given hardness, fall within “ss” vi ‘or a give 
100 ness” values for a given 
his band. ; 40 50 EV 70 ~=COtensile strength, estimated 
One other important hi ; H aes 
Reduction of Aré3, % in this way. owever, 
there are differences 
j} ime — Fr ~ — between the various alloy 
t) la) 
ee — | Stee/ ae OT ge types, and it would be 
6} | — a 9440 advisable to study these 
tm | i 540 0359 O45 042 172 to 194 [ differences when consider- 
2 oI | | 9440 040 044 042 177to02I/ aT T ; pies 
85} ’ | | ing the adoption of another 
\ | 1 f il 2 analysis. The determina- 
¢ 4} ' H bY } | } . tion of these values is diffi- 
Q | | JAA} | 3 cult on a finished bolt, and 
S2| nf: | Hi || = Hy | | it is probably better to find 
‘ i | ; : | the relationship between 
0 _fi 4 GE a} | aH i tensile strength and reduc- 
80 90 100 0 80 90 100 710 tion of area on standard 
"DP" Value test bars, preferably on 
Fig. 13 — Schenck’s “P” Value for Tests From 25 heats with carbon contents 
. ove ran within a 5-point range 
Heats of S.A.E. 3140 and 25 Heats of NE 9440. ' pee ; 
; Tensile Strength (Psi.) 6 | sing e, theoretically, the 
—5000 —— + —g- Reduction in Area in % higher the carbon content 
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of the steel the lower will be the toughness at a 
given tensile strength. 

Figure 12 gives some comparative data on 
3140, 4040, 4140, 8640, and 9440 steels. Three 
to four heats of each analysis are involved. From 
these data it could be concluded that NE&640 has 
a higher reduction of area for a given tensile 
strength and, therefore, is to be preferred over 
the other steels shown. However, caution should 
be exercised in drawing final conclusions from 
tests on a relatively few heats of steel. 

It would be more in line with the truth to 
conclude that NE8640 is as desirable as any of 
the other steels, for unless a statistical analysis 
is made of sufficient data covering, say, 100 heats 
at least considerably more than 

any conclusion arrived at other 


of steel — or 
three or four 
than this general statement, would be extremely 
rash, to say the least. 

To illustrate, a study was made of 25 heats 
of S.A.E. 3140 and the same number of heats of 
NE9440 steel. The results are shown in Fig. 13. 
The relationship is shown as the “P” merit value, 
recommended by R. B. Schenck of Buick Motor 
Co. The P value is computed by dividing the 
ultimate tensile strength, expressed in 1000 psi., 
» of the reduction of area, 


by 5, and adding 6 


Correspondence 


Pipe Lines to France 


LONDON, ENGLAND 
To the Readers of Mevau ProGress: 

Pipe lines for water and petrol (“gasoline” 
to Americans) played a large part in all the Brit- 
ish Army’s operations in North Africa, as could 
well be expected from the barren nature of most 
of the terrain. Equally well known are the large 
petroleum lines laid across the United States to 
carry crude oil to the Eastern refineries, and the 
network of lines laid in England to transport 
petrol from ocean ports to the many airfields and 
camps where motorized equipment was centered. 


expressed in per cent. All test ba 0.500. 
A.S.T.M.) were oil quenched from PF, 
tempered at 900° F. Figure 13 sh NE94 
to be superior to S.A.E. 3140 steel, in that the p 
higher 
vith tests 
on 25 heats. uple, tha 
a curved line joining the peaks of the vyertice, 
bars in Fig. 13 for S.A.E. 3140 would trace oy 
smooth curve, approximating the shape of th 
probability curve. On the other hand, such 
curve for the NE9440 heats plotted in Fig 
would show marked irregularities. 
well be interpreted as meaning that 
the tests on S.A.E. 3140 represent steel mill pr 
duction under close control the NE9440 heats 
are affected by unknown manufacturing yariables 
and the values for 25 heats may not be truh 


values are, on the whole, considers 
However, caution is warranted even 
It may be noted, for e) 


Chis might 


whereas 


representative of continuous production. It wou 
therefore be safer to conclude that 9440 and 314 
are comparable as far as toughness at a giv 
hardness is concerned. 

However, judging from observation of 44 
in production and the performance of bolts mak 
from this material in service, this NE steel is 
adequate substitute for any of the old 3140, 404) 
or 4140 steels. 8 


Only recently has news be 
released about “Operation Pluto”, the 
laying of no less than 20 pipe lines 
under the English Channel. Betwe 
D-day and VE-day about 120 mill 
gallons of gasoline have been pumped 
to Boulogne or Cherbourg, and thene 
by ever lengthening pipe lines to th 
eastward-moving British and Ame! 
can armies. 

Original experiments were mad 
with a line something like a 

marine electric power cable withou! 

cores and insulation. This work was suggested 
by the undersigned who, as chief engineer of th 
Anglo-Iranian Oil Co., had used 3-in. high-pres 


sure pipe lines in Persia. This 3-in. inside diam 
eter lead pipe appeared to answer the purpos 
Subsequently, they were strengthened for pres 
sures up to 3500 psi. by four layers of sie 
armoring strips (cold rolled, mild steel strip, W 
15,000-psi. min. yield) and a cover of 5/ 
nized steel wires with 60,000 psi. tensile 
To protect this from sea water and 
damage, final covers of jute, asphalt an 
Two 30-mile lengths of s 
time from 


yndling 
whiting 


were applied. h cab 


were furnished in record 
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at full-scale trials could be held in 


pristol Channel, where the currents and other 
iti pproximated most closely those found 
the I ish Channel, and it was successfully 
j when half-a-gale was blowing. The fact that 


ao cable was large and hollow increased the 
since it was liable to kink and so stop 


jifficulti 
The cables were therefore full of 


oil flow. 
\0-lb. pressure while being manufac- 
ed and under 200-psi. pressure while laying, 
shich kept them safely inflated. This variety ot 
pipe Was illed the HAIS (Hartley-Anglo-Iranian- 
Syemens 
Meanwhile another pipe was invented by 


3. J. Ellis, chief oilfields engineer of the Burma 
oi Co. and H. A. Hammick, chief engineer of 
the Iraq Petroleum Co. This second pipe, named 
Hamel”, was composed of 20-ft. lengths of 3-in. 
meter steel pipe, %4-in. wall, flash 
itomatically end to end and wound on a drum 
This floating drum was 


welded 


ke thread on a spool. 
able of carrying the full length of pipe 
equired for the Channel crossing, and during the 
)-marine laying operation the drum was towed 
by tugs like a large bobbin, paying off the pipe 
sit went. 

Within a few months, a special factory in 
ihe Thames Estuary was equipped for welding 
-ft. lengths of the Hamel pipe into 4000-ft. 
ngths at a rate of 10 miles daily, with facilities 
r storing the lengths to a total of 350 miles. 
Shortly afterwards a duplicate factory was estab- 
shed to provide against the possibility that the 
rst should be bombed. 

The floating drums, 40 ft. dia. by 60 ft. long, 
vere moored in deep water at the end of the 
pipe-racks, so the 4000-ft. lengths might be 
velded into a continuous length of 30 or more 
niles, and wound on the 40-ft. drums. When 
1600 tons the 


and carries 70 miles ol 


lully wound a drum weighs 
veight of a destroyer 
pe line. 

New pipe lines were run on land from the 
British network system to take the gasoline to 
the coast, and the special high pressure pumping 
‘ations at the shore line were cleverly camou- 
laged. Pipe laying began as soon as enemy 
unes had been swept from the approaches to 
herbourg Peninsula. The lines running from 
he Isle of Wight to Cherbourg took 10 hr. to lay 
nd conveyed gasoline to the United States 
‘mies. The cross-channel lines established as 

as Boulogne was captured took five hours to 

ind transported gasoline to the British 21st 
Army ¢ oup. a 
A. C. HARTLEY 
Technical Director 
Petroleum Welfare Dept. of Great Britain 


Correction for 
Nomograph for Calculation of 
Corrosion Rates 


Witson Dam, ALA. 
To the Readers of Metau Proaress: 

The Nomograph for Calculation of Corrosion 
Rates, 1059 of the 
December 1942 issue, and on page 914 of the 
October 1944 issue of Metal Progress, as well as 
page 49 in the collected group of data sheets 
published loose leaf by the @, contains an error 
in the graduation of Axis B (representing the 
This 


error does not affect the results obtained when 


which appeared on page 


corrosion rate in g. per sq.dm, per day). 


calculating corrosion rates in inches penetration 
per year, because Axis B is then used only as a 
reference line. 

Correct graduations may be placed on Axis 
B in the following manner: Draw a line from 
0.001 g. per sq.in. on Axis A to 16 days on Axis C. 
The point of intersection of this line with Axis B 
corresponds to a corrosion rate of 0.001 g. per 
sq.dm. per day, and may be used as the origin of 
a five-cycle logarithmic scale on Axis B. The 
length of each cycle can be obtained as follows: 
Draw a line from 0.002 g. per sq.in. on Axis A 
to 3 days on Axis C. The point of intersection 
of this line with Axis B corresponds to a cor- 
rosion rate of 0.01 g. per sq.dm. per day. The 
distance between these two points, located as 
0.001 and 0.01 g. per sq.dm. respectively on Axis 
B, is the length of each logarithmic cycle on the 
new scale. To cover fully the useful range, five 
equivalent logarithmic cycles should be con- 
structed on Axis B to cover a range from 0.001 to 


100 g. per sq.dm. per day. + : 
5 | | . E. P. Tar 


Process Development Division 
Tennessee Valley Authority 


Stress Corrosion of 4°; 
Copper-Aluminum Alloy 


NEW KENSINGTON, Pa. 
To the Readers of Meta. ProGress: 

The January 1945 issue of Melal Progress 
contains a summary of the symposium on stress 
corrosion cracking held last November, a clear 
presentation of this rather involved subject. We 
note, however, on page 77 in the section captioned 
“Electrochemical Nature of Stress Corrosion 
Cracking”, data from one of our papers have 
been misinterpreted. The summary states, * 
the potential differences between the grains and 
the grain boundaries of a quenched aluminum 


alloy containing 4% of copper were observed 
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over a period of time in a solution of sodium 
chloride in hydrogen peroxide.” This, and the 
sentence immediately following it, suggests that 
we measured the variation in potentials of the 
specimens as a function of their time of exposure 
to the test solution. This is not the case. We 
measured the potentials of the grains and grain 
boundaries of specimens which had been artifi- 
cially aged at an elevated temperature (375° F.) 
for various periods of time. The data are given 
in Fig. 2 of Preprint No. 20 by Messrs. Mears, 
Brown, and Dix. In this figure, the time axis is 
clearly marked “Aging Time — Hours at 375° F.” 

Also, we do not believe there is any justifica- 
tion for the summarizer’s statement in the last 
sentence in this same section: “They did not 
consider the possibility that the difference in 
potential between the grains and their boundaries 
may be directly influenced by stress.” It is true 
that in the paper we did not mention this pos- 
sibility, but we had considered it and had made 
special tests with both brass and aluminum alloy 
specimens which indicated that stress has a neg- 
ligible effect on solution potential, under our 
conditions of test. 

Ropert B. MEARS 
Chief, Chemical Metallurgy Division 
Aluminum Research Laboratories 
Aluminum Co. of America 


Specifications for Electrodes 


CLEVELAND 
To the Readers of MeTAL PROGRESS: 

Industry in general, and the welding indus- 
try in particular, has been greatly handicapped 
by the lack of a real technical standard covering 
electrodes. True it is, there has been in existence 
for some years a so-called standard which actu- 
ally might be termed a “buyers’ guide” known as 
American Welding Society’s “Tentative Specifica- 
tions for Iron and Steel Are Welding Electrodes”. 
However, this contains so many discrepancies 
with ambiguous statements that it is unsatisfac- 
tory. Let me cite a few examples: 

Tests are required on all sizes of # in. and 
above, but none are required on % in. and smaller, 
so why have tests on each larger size? 

A manufacturer cannot use the same electrode 
for two or more classifications; this in spite of 
the fact that the ideal electrode, of course, is one 
which would fulfill all classifications. 

“The coating shall not have scabs, blisters, 
abnormal pockmarks, bruises, or other surface 
defects that shall be injurious.” (Just what is 
injurious?) 

These are only a few of the idiosyncrasies 
of this “buyers’ guide”. Therefore, it can readily 
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be seen that what is needed is a siniple. easily 


understandable standard. Since there is no need 


for a weld stronger or better than the materigj to 
be welded, I suggest for mild steel hich coy 


ers 90% of the requirements a simp! Standard, 
something as follows: 

The electrode shall be of such characteristics 
that it will withstand the following tests to pe 
made any time a buyer might desire: (a) A weld 
made in *s or %-in. plate of mild steel, planed ty 
the same thickness as the parent metal, mys 
break outside of the weld when pulled in a stanqd. 
ard tension machine. (6b) On a section from the 
same plate mentioned in (a), welds may be bent 
in any way desired and elongation of 25% in the 
outside fibers must show no fracture. 

An electrode which will perform as indicated 
in these two tests will give a weld equal in phys. 
ical qualities to the plate. With such a weld 
porosity is of no consequence. However, a simple 
test could be made as follows: 

A fracture shall be made through the weld. 

On a straight line through the fractured weld 
there shall be voids of no more than 5% cumula- 
tively. 

An electrode which will withstand the above 
very simple tests will be satisfactory in welding 
mild steel, so why complicate matters? It seems 
to me that this is a question to which the Amer- 
ican Welding Society’s committee, and the asso- 
ciated group of the American Society for Testing 
Materials, should give proper attention. 

J. F. LIncoin 


President 
The Lincoln Electric Co. 


Perfect Cup-Cone Break 





“As Perfect a Cup-Cone Break as We Hav 
Ever Seen”, Writes W. W. Edens, Metallurgist 
of Ampco Metal, Inc., of Milwaukee. Metal: 
Aluminum bronze (8.5% Al, 2.8% Fe), as cast, 
81.000 psi. ultimate; 48% elongation in — ™. 
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Pi 


Close control possible with molybdenum 
additions to cast steel means 
narrower physical property 
variations from 

heat to heat. 








RIMAX FURNISHES AUTHORITATIVE ENGINEERING | P” MOLYBDIC OXIDE, BRIQUETTED OR CANNED e 
at 
A ON MOLYBDENUM APPLICATIONS. | FERROMOLYBDENUMe:“CALCIUM MOLYBDATE” 


rehes 
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Personals 


Gerarp H. Boss @, formerly 
plant metallurgist, Reynolds Metals 
Co., Louisville, Ky., is now senior 
metailurgist, Baldwin 


Works, Eddystone, Pa. 


Locomotive 


BouLANGER @ has 
Lonergan Co., 


Francis A, 
been assigned to 
Albion, Mich., as resident chemical 
warfare inspector in charge. 


Owen W. Extuis @, director of 
the engineering and metallurgical 
department of the Ontario Research 
Foundation, has been elected chair- 
man of the metallurgy division of 
the Canadian Institute of Mining 


and Metallurgy. 


Promoted by Joseph T. Ryerson 
& Son, Inc.: WeaAver E. FALserc &, 
from assistant manager of special 
steels at Cincinnati to manager of 
the special steels department at the 


Cleveland plant. 





Sconomical 





DEW POINT DEPRESSION 
¢y KEMP Dynamic DRYERS 


Kemp DYNAMIC Dryers depress dew points at surprisingly low cost—compressed air or gases may be 
DRIED to very low absolute humidities (sub-zero dew points) for as little as “% of a cent per thousand 


cubic feet (Mcf) DRIED. 


Compressed air for your plant probably costs you 6c to 10c per Mcf. Why not spend a fraction of a cent 
more and get full value from it? DRIED compressed air eliminates corrosion and rusting . . . prevents 


clogged orifices . . 


. does away with frozen air lines . . . 


avoids wastage from “blowing out water” . . . 


permits accurate instrumentation and continuity of processing . . . saves man power by reducing mainte- 


nance costs and trouble-shooting . . . 


Reduce operating costs and increase over-all plant efficiency with efficient Kemp DYNAMIC Dryers. 
ASK FOR BULLETIN— J25D-A 


OTHER KEMP PRODUCTS 


Nitrogen Generators « Inert Gas Producers 


Atmos-Gas Producers « Immersion Heaters 


Flame Arrestors for vapor lines, flares, etc. 


Address The C. M. Kemp 
Mfg. Co. 405 E. Oliver St., 
Baltimore 2, Maryland 


The Industrial Carburetor for premixing gases 
Submerged Combustion Burners 
A complete line of Industrial Burners, and Fire Checks. 


[4 3% | eae ApoE, 
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H. P. Crorr & 


ee 

from active dut lie 
colonel, chief of t dustr 
sion, Cleveland ( ne 
and has returne: C} 
and Copper Co. a ct 
nical control ar S6 
western division, ( la 

CHARLES M. \W 
dent in charge ; Deral 
Republic Steel Cory us be 
president of the « iny 
ing R. J. Wysor, w! Ss 
the Allied Control Coun 
lurgical operations in G¢ 

J. D. ZAtiser @ | hee 
executive vice-pre Sident a 
eral manager of An Met 


Milwaukee. 


WaLTer H. Braun § 
with Halcomb Works of | 
Steel Co. of America, is | 
lurgist for Eastern Sta 
Corp., Baltimore, Md 


Davip M. Gans & 
sistant director of resi 
research laboratories 
ical Corp., has been appoi 
nical director for Quaker ( 
Products Corp., supervising | 
search, service and cont 


tories in Conshohocke P 


Mires K. Smiru &, met 


engineer, has becom 
with WituiAM H. Puiups § 
president, and NORMAN F 


&, chief metallurgist 
burgh office of the Moly 
Corp. of America, 


of sales and service engi 


D. W. BAUGHMAN @ is 
ployed on the metallu 
Aluminum Co. of America’s | 
ette plant of the fabricating ¢ 


Epwarp C. Stick & 
with the metallurgical res 
partment of the Syl 
Products, Inc., at ! 
Island, N. Y., has bet 
senior metallurgical eng 
the weld and wire produ 


sion of the compan 


A. Guipkowski 6 has ! 


from the Studebaker 
to become chief che 
Hollup Corp., Chicag 


Orro K. Kortu & 
Tubular Micromete! 
cepted a position In t! gl 
department of Minn 
Mfg. Co., St. Paul, Mi 














mh, Seer a | Irrigation Lines 
mplements 


Air Compressors Ladders 

A Air Conditioning Lamps 
Equipment L Laundry Machinery 
The | S e S 0 f Aircraft Parts Lawn Mower Parts 


Automotive Parts Lubricating Systems 





Ball Bearing Races Meter Parts 


Bearing Parts M Motorcycles 
(tubular) Mufflers 
Beauty Shop 
| B Equipment N 1 
Beds Nozzle Tubes 


Bicycles 





Office Equipment 


Boilers 
Bus Body Frames ° Oil Burner Parts 
Oiler Tubes 


Condensers 
Conveyor Rolls Perforated Tubes 
Petroleum Equipment 
p Playground 


Display Stands : 
D Sa ea Equipment 
cyang Suecnnes Pneumatic Conveyors 
Pressure Tubing 


Electrical Equipment 
E Elevator Parts 
Exhaust Tubes R 






Railings 
Road Machinery 


Ferrules Sewing Machi 

| . g Machines 
Ql [ C C Nl ( | G $$ | Floor Scrubbing = ittey “area 

Machines . ; 
Food Processing Spraying Equipment 


Furniture 






Torque Tubes 
T Transformers 
Tricycles 









Gravity Carrier 
G Systems 
Grease Guns 







Vacuum Cleaner Parts 







Handles , 
Hardware Items W Washing Machines 






Heat Exchangers 
Hydraulic Hoists X X-Ray Equipment 














Welded Steel 7 ubes are structurally 


QUALITY! Revere Electric 


stable, uniform in temper, and of correct analysis. Since 






they are formed by welding steel strip, walls are absolutely 





uniform. The finish is controlled and particularly suitable 





tor plating, lacquering, painting, other coating processes 









Surface is excellent for sliding parts Available in sizes up to 
{42 O.D. and in wall thicknesses to 3¢“, somewhat heavier 
walls can be supplied in certain diameters. Our Technical 
Advisory Service is at your command. Write the Revere 









Executive Offices 


REVERE 


en oe pwn,  ©OPPER AND BRASS INCORPORATED 















y pre-fabricated. Our tube-working equipment is 
and customers frequently find that it effects Founded by Paul Revere in 1801 
im cosh. Executive Offices: 230 Park Avenue, New York 17, N. Y. 
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Personals 


S. Leroy CrawsHaw @& has been 
appointed manager of engineering 
and sales, Western Gear Works, 
Lynwood, Calif. W. A. WirHaM 
has been appointed assistant man- 
ager of engineering, and P. L. 
BANNAN, company treasurer, has 
been appointed manager of manu- 
facturing for all plants, with G. A. 
DEARMAND as his assistant. 


Promoted by Carnegie-I}linois 
Steel Corp.: JoHN MITCHELL @, to 
manager of the products section of 
the alloy sales division. ALperr L. 
KaveE &, formerly manager of the 
alloy bureau, Chicago metallurgical 
division, succeeds Mr. Mitchell as 
metallurgical engineer, alloy steel 
products, in Pittsburgh, and 
Maurice J. Day ©, formerly alloy 
contact representative servicing 
automotive manufacturers, succeeds 
Mr. Kaye as manager of the Chicago 


alloy bureau. 








It's é O K E R today 


Prom Coat - 


».» To Coast 


The Talk of the Machine Shops Wherever 


Boker's Tool Steels yy, ° "7 
are used - - - - - - - They Satisfy! 


NO VY O 


18-4-1 Type High 
Speed Steel. 


6-6-2 Tungsten 


YY LNT MIO) Maizbsenen 


High carbon, 
chrome, air hard- 


at if Nf if 4r 1B jening bar steel 


and castings. 


H. BOKER & CO., Inc. 


101 DUANE ST. & 





NEW YORK 
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A. B. Grening: who for § 


i doing 8D 
£0, has bee 
I the cher 
ral Electr; 
















past two years ha: 
cial war work in ¢ 
appointed metallu 
ical department of 
Co. in Pittsfield, 


JOHN W. Lon» 


ay , 
~, former} 
assistant general 


er of sale 
erica. h 


{ Sales may 


Vanadium Corp. 
been appointed dist; 
ager, Chicago distri succeedin 
the late LeRoy F. Jounsoy 8 


J. Ropert VAN Per, former} 
technical director, the Museum ¢ 
Science and Industry, ( hicago, ha 
been appointed to the staff of Ba 
telle Memorial Institute, Columby 
to take charge of an expanded pr 
gram of research education 


Dubey E. CHAMBers @ has bee | 
promoted to executive engineer 
the General Electric Research La} f 
ratory, Schenectady, N. Y. 
‘ 


FRED STIRBL @ is now researc 
metallurgist with the Crucible Stee 
Co. of America, Harrison, N, J 


JOHN H. Frome, Jr. &, former 
with Jacobs Aircraft Engine ( 
now employed as_ metallograph 
by W. B. Coleman & Co., Philadel 
phia. 


RALPH VY. HILKERT © has 1 
signed as metallurgist for Sout! 
Works of Carnegie-Illinois Ste 
Corp., Chicago, to assume the pos 
tion of research metallurgist { 
Solar Aircraft Co., San Diego, ‘ 


Ear. W. Pierce @, formeriy 
sistant to general superintendes! 
South Chicago plant of Carnegie 
Illinois Steel Corp., has bet 
pointed chief metallurgist. 1 
Peters, formerly assistant sup 
tendent of the maintenance 
sion, succeeds Mr. Plier 





assistant to general superint 
W. SPRARAGEN @, execuliv 
retary of the Welding Res 


Council of the Engineer! | 
tl We 


i? 
u 


tion, and editor of 
Journal, has been app: 
| 


newly created position dirt 
of the Welding Reseai { 


Curtpress B, Gwys S 
merly chief engineer ge 
manager, Chicago div 
Control Co., Inc., is n 
neer and general manag 
and sintered metals 
H. A. Wilson Co., New 





Which x-ray film is first choice 
for most critical inspection of Kodak Industrial Xora 


vie with dire¢ 


X-ray exposure of with 


steel castings at high kilovoltages? ns So 


Deve lopme nt: 5 minutes, 


at 68° F., in Kodalk X-ray 
Developer or Kodak Liquid 


A. Kodak’s Type M X-ray Developer 


\ HEN inspection must be highly critical (which is 

more and more often the case)... when you're work- 
ing at high voltages... Kodak Industrial X-ray Film, 
Type M. is specifically right. Used with lead foil screens, 
its extra fine grain and highest available contrast make 
possible radiographs of outstanding quality, distinguished 
by unusually fine detail. Eastman Kodak Company, 


X-ray Division, Rochester 4, N. Y. 


Kodak makes the four types of film 
needed in industrial radiography 


In addition to Type M, Kodak supplies 


hodak Industrial \-ray Film, Type k for gamma 
and x-ray radiography of heavy steel parts, or of lighter 


parts at low x-ray voltages where high film speed is required 


Kodak Industrial X-ray Film, Type A... most often 
used for light alloys at lower voltages and for million-volt 


radiography of thick steel and heavy alloy parts 


Kodak Industrial \-ray Film, Type F... 
primarily for radiography, with calcium tungstate 
screens, of heavy steel parts. The fastest possible 
radiographic method. 


tells the story 














Gun Tubes 


(Continued from page 72) 
Physical Tests— The physical properties 
required to make a high quality gun tube are a 
high yield strength, and a high reduction of area 
A high impact value 
is also required in some highly stressed guns. In 
order to meet these high physical properties, it 
is essential that a completely martensitic struc- 
ture be developed in the heat treatment and 
quench, and that the final structure after temper- 
ing contain little or no free ferrite. 


in the transverse direction. 


Some metallurgists have supposed that the 
impact (notched-bar) strength is a measure of 
the thoroughness of the quench that is, 
whether or not the quenched structure is fully 
martensitic. It has also been supposed that the 
reduction of area transverse is a measure of the 
steel quality — for dirty steel seldom has a good 
**R.A.(t.)” Finally, that the yield strength 
is a measure of the tempering operation. 

Probably one reason for the very excellent 


value. 


physical results attained with 4337 steel employed 
in seamless gun tubes was that the quench was 


very thorough. This was possible be 


the ma 


of the quenching medium was large relation 
Allo 















the mass being quenched, and because 
a hole through them and a large qua 
could be forced up through the tube at 


tubes 1 
\ of Wate 


. Same ti 

it was being cooled externally. The quench Was fre 
* . . = " y 

both outside and inside and was very effectiye 


Precise quenching temperatures ed not } 
given, but it is important to remember that the tep 
perature of the quenching water was controlle 
simultaneously, as was also the time of quench, Vg 
little trouble was experienced with quench era 
except when the tubes had not been normalize j 
the physical tests were lower than specified the gu 
tube would be re-heat treated and retested. Tube 
were long enough so two test disks could be cut {rg 
each end.) 

At first, tests were pulled from disks cut fr 
the muzzle and breech end of each gun tube, byt, 
time went on and the physical results were so yj 
formly good, the Ordnance Dept. established ag pe 
quality control specification, which accepted a cen 
tain group of tubes after testing a number of ry 
domly chosen tubes from each heat. This redye 
the amount of physical testing to a small vercentag 
of what it had been. 

Early in the program it was found that althoug 
the tubes were shipped for machining after straight 

ening them, a great deal of dif 



























These new Electro High-Speed Grinding 
Wheels afford faster cutting without 
troublesome heat development whether 
the grind is for snagging or for fine 
finishing. 

We believe that war demands made it 
possible for ELECTRO to show cooler 
cutting at higher speeds, and present 
high state of perfection wii: be the basis 
for further gains. All we ask is oppor- 
tunity to prove the cooler cutting at 
higher speeds of our wheels. 


Will you wire us?—or phone 
us at Buffalo, WAshington 5259? 


C. REFRACTORIES & ALLOYS CORPORATION 


Manufacturers of Crucibles @ Refractories © Stoppers © Alloys © Grinding Wheels 


344 DELAWARE AVENUE 


Established 1979 
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BUFFALO 2, NEW YORK 


ficulty 
after the first rough cut becaus 


was being encountered 






















the tube cambered. This wa 
due to unrelieved stresses nea 
the surface, set up when th 
tubes were cold straightened 
after tempering, and the partia 
removal of stressed metal dw 
ing machining. It was therelon 
necessary to stress relieve th 
straightened tubes at a temper 
ature about 100° lower than th 
tempering temperature. Thi 
solved the difficulty, and test 
indicated no decrease in yiel 
strength if the stress relief tem 


n 


perature was properly cot 
trolled. 
Costs — Taxpayers will! 


interested in knowing that na 


only did the seamless gun tube 
process enable the ar ned forces 
to acquire artillery in large 
quantities at the time it wa 
without 


\ needed 


he saving 


critically needed, at 
disrupting other ba 
production, but that 
in dollars amounted to sever 

Gover 


ere thet 


times the cost of ft 
ment-owned plant 





were processed. ) 











